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LIBERATION OF ORGANIC MATTER BY ROOTS OF GROWING 

PLANTS 




liberation op organic matter by roots of growing 

PLANTS 

T. L. Lyon and J. K. Wilson 

In the course of an investigation under way at this station, it became 
desirable to know whether organic matter, particularly that of a nitrog- 
enous nature, is liberated by the roots of growing plants, at least of 
the plants commonly raised on farms in this region. Numerous investi- 
gations conductcfl elsewhere have shown that nitrogen is lost by certain 
plants during the late stages of growth, particularly about the ripening 
pcriotl. There seemed to be a question, however, whether this nitrogen 
escaped from the leaves or the roots, and it had never been shown to be 
in the form of organic matter. The previous investigations had, indeed, 
not touched on the ipiestion of the loss of organic matter by growing 
plants, and aside from its bearing on the investigation in hand this appeared 
to be a matter of some scientific interest. 

closely related question is the po.ssible liberation of reducing or oxidiz- 
ing substances by the roots of growing plants. There had previously 
been some investigation of this subject, but since the experiments on the 
liberation of organic matter furnished exceptionally good opportunities 
for making the tests for cataly.sts it was decided to try to obtain some 
information to supplement the previous work. 

REVIEW OF LITERATI RE CONCERNING LOSS OF NITROGEN FROM 
GROWING PLANTS 

A large amount of work has been reported showing the percentage of 
the various nutritive elements found in crops at certain stages of growth. 
Less work has been done, howev'cr, on the actual weight of nutrients in 
plants during their growth and maturity. 

The work of Wilfarth, Rdmer, and Wimmer (1906) was concerned with 
the a.ssimilation of the elements of nutrition by plants during different 
periods of their growth. This investigation extended over a period of 
about eight years. The experiments included Ixith field and pot work, 
the former with barley, spring wheat, and potatoes, and the latter with 
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barley, peas, potatoes, and mustard. The plants were harvested at 
different stages of growth. These plants were carefully divided into 
their component parts — roots, stems, ears, and so on — and were dried, 
lyeighed, and analyzed. The results as stated below are based on pounds 
of nitrogen in the crop. 

The barley was planted on March 30 and the cuttings were made on 
May 29, June 17, July 3, and July 27. The plant parts were separated 
and grouped into aboveground parts and underground parts. Separate 
analyses were made of stems, green leaves, yellow leaves, ear stalks, awns, 
straw, grain, roots, and stubble. Total weights of nitrogen showed that 
this nutrient was present in its greatest amount on June 17 (presumably 
when the plants were in bloom) and that the mature cutting of July 27 
had lost 2.i per cent of the total nitrogen. 

The wheat was planted on April 23 and was harvested on June 22, 
July 14, August 5, and August 28. The methods usoil were the same as 
for barley. In the case of the wheat, the nitrogen was found in its greatest 
amount in the third cutting, on August 5, and the mature crop showed a 
loss of about 20 per cent of the total nitrogen. 

The potatoes were planted on April 28 and analy.ses were made of the 
various parts of the plant. Four different harvests were gathered as the 
crop was maturing. The re.sults were quite different from those with 
barley or with wheat. In this ca,se the greatest amount of nitrogen was 
found in the last harvest, which repre-^ents the crop gathered in October. 

The barley was planted on April 20 in sand in pots, and was watered 
with nutrient .solutions. Quadruplicate cultures were grown in the green- 
hoase. On May 11 stems had commenced to show. The first harvest 
was made on May 24, the second on June 1, the third on June 12, the 
fourth on June 2.5, the fifth on July 20. The harvest consisted of lx)th 
roots and tops. In one series the greatest weight of nitrogen was found 
on June 25, in the other three on June 12. From these dates on to maturity 
there was a lo.ss of total nitrogen ranging from 9 to 26 per cent. 

The peas were planted and tended in a similar manner to the barley, 
with the .same dates for planting and harvesting. The weight of nitrogen 
in the harvested crops was greatest on June 25 in three cases, and in the 
fourth ca.se at the last harv'est. The decrea.se toward maturity in the 
three cases ranged from 9 to 30 per cent. 
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The potatoes were grown in turf and sand in the greenhouse. Applica- 
tions of fertihzer were made so that plant nutrients would not be deficient. 
Harvests were made on June 12, June 30, August 7, and September 14. 
The plant parts were divided into foliage and tubers. The figures, for 
weight of nitrogen show that there was a con 3 tant decrease of this con- 
stituent in the foliage after the first harvest, altho there was a constant 
increase in the weight of the tubers. The total plant, however, had its 
greatest amount of nitrogen on August 7, with a decrease of 6.46 per cent 
thirty-eight days later. 

Pots containing 5.3 kilograms of dry earth received fertilizers to stimulate 
growth of plants and to furnish an abundant supply of nutrients. The 
seeding of mustard was done on May 7, and subsequently all pots con- 
tained six plants. The experiment was run in duplicate. The mustard 
was harvested, first, on the appearance of the first pods, second, when the 
formation of seed was complete, and third, at maturity. Analysis of the 
total plant only was made. The total nitrogen was greatest when the 
formation of seed was complete. The loss at the third harvest was about 
10 per cent of the total nitrogen. 

With the intention of verifying the results obtained by Wilfarth, Rbmer, 
and Wimmer, Andr6 (1912) cut barley at five different stages of growth 
from equal areas of land and analyzed the drj' harvest. The cuttings were 
made (1) when the heads began to show, (2) when the barley was in bloom, 
(3) when seed began to form, (4) at the mature stage, and (5) beyond the 
ripe stage. The figures for total nitrogen show 7.023 grams at the first 
stage, 8.693 at blooming, 10.422 when the fruit was forming, 12.389 at 
maturity, and 10.360 at the last harvest. 

The object of an experiment by Ramsay and Robertson (1918) was to 
determine the relative proportions of each of the principal nutrient elements 
contained in the plant at various stages of growth. They grew potatoes 
in soil in boxes containing about 130 pounds of well-drained and fertilized 
soil. Approximately the same weight of seed was put in each box. The 
first harvest was gathered on January 29, thirty-three days after brairding, 
the second on February 25, the third on March 26, and the last on April 
30. At the first three harvests complete recovery of tops and roots was 
made. The last harvest was more difficult and about 30 per cent of the 
roots were lost. Chopping, harvesting, and analyzing were done in dupU- 
cate in each case. The total nitrogen contained in a 20-ton crop of 
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potato plants at various stages of development was 69 pounds at the 
first harvest (thirty-three days), 241.3 pounds at the second harvest 
(fifty-eight days), 306.7 pounds at the third harvest (eighty-nine days), 
and 319 pounds at the fourth harvest (one hundred and twenty-four 
days). There was a constant assimilation of this important element. 

Hay was cut by Crowther and Ruston (1911-12) from uniform areas 
of a crop of grass which had l>een seeded the previous spring. The grass 
seed consisted of a mixture of perennial rye grass, Italian rye grass, 
white clover, trefoil, alsike, English single-cut cow grass, Chilean red 
clover, and rib grass. The first cutting was made when the rye grass 
was in full flower. A good growth of leguminous plants showed under- 
neath. The second cutting was made when the rye grass was forming 
seed and the clovers were l)eginning to flower. At the third cutting the 
grasses were ripening and the clovers were in full bloom, while the fourth 
and last cutting was made when the crop was decidedly ripe. Analysis 
of the crops showed the greatest total weight of nitrogen to be prc.sent at 
the third cutting, or when the grasses were ripening and the clovers were 
in full bloom. In the last cutting there was a loss of 25 pounds of nitrogen 
to the acre. 

The work was repeated the following year, but with barley as the crop. 
The seed was drilled on May 12. Cuttings were made on .June 9, .June 23, 
July 7, and July 21, but the stages of growth reached on these dati« were 
not noted. The changes with advancing age as to nitrogen were similar 
to those observed in the preceding year with grasses. 

The changes in chemical composition of the timothy plant during 
growth and ripening, with comparative studies of the wheat plant, are 
recorded by Trowbridge, Haigh, and Moulton (1915). Timothy plants, 
cut from uniform areas, represented the following stages of growth; (1) 
al>out one foot high in rapid growth; (2) no heads showing; (3) no stalks 
in bloom but beginning to head; (4) in full bloom; (5) just out of bloom 
and seed formed; (6) seed in dough; (7) seed fully ripe; (8) growth the 
following spring not yet started but leaves green. The plant parts of 
the samples thus collected were divided into heads, stalks and leaves, 
hay, and stubl^le and bulbs. The amounts of the variou.s nutrients deter- 
mined were recorded in total pounds to the .acre. Data from these plants 
were collected for one year only. The figures for weight of nitrogen 
showed that there was a gradual increase in this constituent in heads from 
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all plots. In the stalks and leaves, the nitrogen was found in greatest 
amounts in two cases when the plants were just out of bloom and the 
seed was formed, and in the third case when no stalks were in bloom but 
the plants were beginning to head. In the hay the greatest weighi; of 
nitrogen was found when the seed was all in dough. In the stubble and 
bulbs the greatest amount of nitrogen was present when the seed was 
fully ripe. 

The comparative studies with wheat represent two areas from the 
same field. The stages of development were; (1) plants green and in 
bloom; (2) seed formed and in milk; (3) seed in dough; (4) seed fully ripe. 
The plant parts of the samples were divided into heads, stalks and leaves, 
plants above ground, and roots and stubble. The figures for nitrogen 
found in the heads showed a steady increase in this nutrient thruout all 
the stages. With stalks and leaves there was a constant loss of nitrogen 
after the first stage as the plant approached maturity. In the plants 
above ground there was an increase of nitrogen to the seed-in-dough stage 
and a considerable loss in the fully-ripe stage.’ Roots and stubble con- 
tained their greatest weight of nitrogen at the seed-in-milk stage. If the 
total plant is considered, the nitrogen reached its greatest amount when 
the seed was in the dough stage. 

The influence of advancing maturity on the composition of timothy 
was reported by Waters (1915). Results were obtained for five years of 
investigation, but the results are complete for only three of these years. 
Unifori^ areas were harvested at five different stages of growth; (1) when 
the plants were in full head; (2) when the plants were in bloom; (3) when 
the seed had formed; (4) when the seed was in dough; (5) when the seed 
was ripe Imt not shattered. The greatest weight of nitrogen was found 
in three of the trials wlien the plants were in full bloom, and in the other 
two trials when the seetl had formed. The fluctuation in loss of nitrogen 
between the stages when it was at the maximum and when it was fully 
ripe ranged from 12 to 38 per cent. 

Schulze (1904) cut UK) plants of rye and collected the roots for examina- 
tion. The cuttings were made forty flag’s after drilling, which was on 
beptemlier 20. On April 22 a .second cutting was made. The plants at 
this stage were very green. On May 20 a third cutting was made. The 
plants now were in the lioot stage. The fourth cutting was made on 
June 16 and the plants were just thru blooming. The weight of nitrogen 
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in these stages was as follows: first cutting, 0.153 gram; second cutting, 
1.225 grams; third cutting, 2.723 grams; fourth cutting, 2.713 grams. 

With wheat only three harvests were made: the first was thirty-seven 
day,s after drilling, which took place on September 23; the second was on 
April 22, and no heads were showing at this date; the third was on June 
16, when the plants were thru blooming. The nitrogen in 100 plants 
was as follows : first period, 0.132 gram; second period, 0.596 gram; third 
period, 1.802 grams. No later analyses are given, and thus it is not clear 
whether there was a loss in weight of nitrogen after the blooming period. 

Le Clerc and Breazeale (1909) state that the loss of nutrients from 
plants may be e.xplained in one of three ways: (1) by the backward flow 
of the salts of the plant juices thru the stems and roots to the soil; (2) by 
the decay or dying and falling off of leaves; or (3) by the action of rain, 
dew, wind, and other climatic agencies. Or there may he a combination 
of all these causes to a limited extent. In support of the third possibility, 
these investigators conducted experiments designed to imitate these 
climatic agencies. Barley plants were grown in soil contained in Wagner 
pots, and no water was allowed to come in touch with the aboveground 
parts during the growing period. Just at the heading period the whole 
plant was harvested, placed in a lai^e evaporating dish, and soaked with 
water for several minutes. After drying, this operation was repeated. 
The plants were then dried and analyzed. The results show that 1.6 
per cent of the entire content of nitrogen was lost on washing. 

Wheat plants were harvested at three periods of growth — bloom, 
early ripeness, and full ripeness. The plant parts were divided into 
stems and straw, and heads. They were separately washed or soakeil 
for from five to ten minutes. The wash water was analyzed, as were 
also the dried stems and straw and the heads. The results show that 
at bloom 1.4 per cent of the nitrogen was washed out, while at full maturity 
7 per cent was found in the wash water. 

Results were obtained also from apple twigs. Two twigs containing 
green leaves were gathered and washed for a few minutes with distilled 
water. They were then set aside, with their butt ends immersed in 
water, until the leaves were unquestionably dead, when they were again 
wa.shed and analyses were made of both washings and residues. The 
results of the analyses showed that thru the action of water about 3 per 
cent of nitrogen had been washed out. 
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Two pots of wheat were kept in the greenhouse until the wheat was 
completely ripe. They were then pkced out of doors, where they were 
subjected to four rainfalls on separate days. The pots were so arranged 
that the washings were caught in a tray. These washings, equivalent 
to about one inch of rainfall, dissolved from the plant 27 per cent of the 
nitrogen as well as other nutrients. 

Two oat pots were placed out of doors as were the wheat pots. The 
plants were about eight inches high. They were allowed to grow in this 
position until they were ripe. They were exposed to three rains during 
this time. The leachings contained 2 per cent of the nitrogen, as well 
as other nutrients. 

In two pots of potatoes, the aboveground parts were washed with 
2.5 quarts of water in a very fine spray. This was done when the plants 
were twenty-four inches high, when they were beginning to ripen, and 
when they were completely ripe. The leachings and the plant parts 
above ground were analyzed. The results show that, due to the action 
of washing, 7.5 per cent of the nitrogen was washed out. 

Jones and Huston (1914) report the composition of the maize crop 
at .stages corresponding in the main with those at which the crop would 
be used for practical purposes, such as soiling, ensiling, and grain pro- 
duction. Conditions of uniformity were maintained as nearly ideal 
as it was possible to have them. In order to insure adequate moisture, 
the field was irrigated when neces.sary so as to provide not less than one 
inch of water every week. The soil was in a good state of fertility. 
Analyses were made as follows: (1) when the plants had six leaves, 
June 16; (2) when the pLvnts were alxiut four feet high, July 24; (3) when 
tassels began to form, August 6; (4) when the maize was fully pollinized, 
August 28; (5) when the plants were in the medium milk stage, with the 
pollen all shed and the silks brown, September 10; (6) when the kernels 
were glazing, September 24; (7) when the kernels were hardening, this 
being the ensihng stage, Octolxir 1 ; (8) when the maize was ready to put 
into shoek, October 8; (9) when the maize was fully cured and ready 
to he stored, November 12. 

The samples represented the crop cut at the soil level. Data for weight 
of nitrogen showed a gradual increase from the first analysis to October 8, 
the amount at first beii^ 0.28 pounds an acre and increasing to 110.6 
pounds on the last-named date. At the last analysis, on November 12, 
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which represented samples left in the field and in the shock, for the former 
a loss of about 23 pounds was shown, w'hile for the latter a slight gain 
was reported. This loss of nitrogen when the plants were left in the 
field after October 8 was from both ears and stalks. In the former there 
was a loss of 9.2 pounds in the field and a gain of 7.6 pounds in the shock; 
in the latter there was a loss of 15 pounds in the field and a loss of only 
2.1 pounds in the shock. 

Taking the results of these inve.stigations as a whole, there appears 
to be in nearly all cases a loss of nitrogen from grass and small grains at 
some time between the period of full bloom and complete maturity. 
In maize this occurs if the plants are allowed to ripen when connected with 
the roots, but potatoes showed no loss of nitrogiui in the Bernbiirg and 
Australia experiments, and only a small loss in those of Le Clere and 
Breazeale. 


OBJECT OF THE PRESENT EXPERIMENTS 

The experiments herein de.scril)ed had two more or less distinct objects’ 
The first was to ascertain whether growing plants lilwrate organic mattiT’ 
and, if they do, to determine at what stage of growth this takes place 
and what relation it bears to the absorption of nitrate nitrogen by the 
plant. The second object was to detect, if possible, the pre.senee of 
reducing and oxidizing ferments in the nutrient solutions in wliich the 
plants u.sed for the first investigation were grown. 

METHODS USED 

The plants used in these experiments were grown in w’atcr culture. 
This was done in order that an intimate study might lx; made of the 
plant as it grow and the .solution as it was Iseing drawn u[H)n by the jilant 
for various nutrients, especially nitrogen. Since a numlM*r of organic 
Ixidies may be given off by the developing plant, these may not Ixi pre.sent 
when the nutrient solution is an:ilyz<-d if it is allowed to l)eeome inf(u:t(sl 
with molds or bacteria, rherefore, in order that this .solution should 
represent the action of the plant alone, a methexi for growing the root 
system in contact with the nutrient solution without infection was u.sed. 
This method has been pub!ishe<l. together with flata showing its reliability 
f Wilson, 1920; . A description of the method follows. 
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SEED STERILIZATION 


Seeds were rendered sterile by the calcium hypochlorite method as 
employed by Wilson (1915). After disinfection the seeds were planted 


on a sterile medium, from which, 
after germination, the plants 
were transferred to the perma- 
nent position. The solid medium 
for the germination was usually 
composed of the same ingredients 
as were used in the large con- 
tainers, from which the plants 
eventually drew their nutrients, 
with from 1 to 1.5 per cent of 
agar. The agar was used in 
order that contaminations might 
be detected before the plants 
were transferred to their perma- 
nent position. This medium was 
made in sufficient quantity to 
meet the requirements and was 
distributed into large test tulies. 

Since the roots of most plant- 
lets spread out in a lateral direc- 
tion, thus making it difficult to 
transplant them quickly and con- 
v'cnicntLq some device was 
needed which would direct tlie 
root growth in a vertical direc- 
tion. To accomplish this there 
w;i.s placed in each test tube a 
short piece of gla.ss tubing, 25 by 
50 millimeters in size (fig. 1, c). 



A suflicicnt quantity of the 
medium was put into the tube to 
cover all l)ut about 15 millimeters 
of this glass tubing. After ster- 


FlO. 1. DEVICE FOR GROWINO LARGE PLANTS IN 
STERILE MEDIA 

o. rhfM*'iocloth; b. cottmi wotd. .. otitt'ulo tube into 
which slulcs. d, afcar earned over from tct^t tube with 
plantict; f. tube in which scixl norminatcs 


ilization of the medium the sterile seeds were dropped onto it, wdiere they 


germinated and produced rootlets for subsequent use. When the nxits 
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present in the form of HNO3. (The quantity 
of soluble organic matter in the plant solutions 
was not great enough to interfere with the 
proper nitration of the phenoklisulfonic acid.) 

Ammonia was determined by direct ness- 
lerization. 

Organic nitrogen in the plant solutions was 
detennined according to the method described 
by the American Public Health Association 
(1905). 

Tiic total organic matter in the solutions 
was determined by evaporating 100 cubic centi- 
meters of the filtered solution and igniting the 
residue thus obtained at dull red heat. The 
lo.ss on ignition was reported as organic 
matter. 

The dr>' weight of the depo.sit in the liottom 
of each flask was ascertained by transfi'rring it 
to a filter, dr\’ing it at 110° ('., and weighing 
it, the weight of the drj’ filter Ix'ing subtracted 
from the total weight. 

The amount of organic nitrogen in the 
deposit in the liottom of each flask was found 
by transferring the filter and contents from the 
previous deteunination to a Kjeldahl flask, 
digesting by the Cninning method, inaitraliz- 
ing the excess acid with ammonia-free XaA'tb, 
and distilling off the ammonia, which was 
nc.sslcrizcd. 

TESTS FOR THE PRESENCE OF ORGANIC NI- 
TROGEN IN NfTRIENT KOM TIONS IN tVIIICII 

PI-.\NTS OF SEVEIUL KINDS HAD GROWN 

Several different kinds of seeds were genni- 
natc<l under aseptic conditions, and were tran.s- 
plantefl, in the manner described, to flasks 
containing the usual nutrient solution of one- 
tenth strength. The manner of growth of the 
plants in these flasks is shown in figures 2 to 4. 
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In one flask the usual nutrient solution was not employed, as it was desired 
to ascertain whether a leguminous plant grown in a solution containing 
no nitrogen would liberate nitrogenous matter in the solution in appre- 
ciable quantities. The flask usetl for this purpose was pea flask no. 1302, in 
which the nutrient solution was composed of 1.5 grams KH2PO4, 1 gram 
CaCb, 0.07 gram Na 2 S 04 , and 0.5 gram FejCPOda + SHjO; the flask was 
then filled with sterile tap water, the Fej(P 04)2 + 8 H 2 O remaining largely 
undissolved. 

After the contents of the flasks were sterilized and the yoimg plants 
transferred, the cultures were taken to the greenhouse, where they remained 
for various periods. It was not intended to make any systematic study 
of the relation of the stage of growth to the quantity of organic nitrogen 
in the solution at harvest. This would have been impossible under the 
circumstances, for the plants were set out at different times and, since 
conditions affecting plant growth vary greatly in the greenhouse at different 
seasons of the year, no comparison of this kind could be attempted. The 
same difficulty would obtain in case a comparison of different plants 
was desired, except in the case of such plants as were placed in the green- 
house at about the same time. 

When it was decided to harvest a plant, the flask was brought to the 
laboratory, and, after a photograph had been taken, the plant was removed 
from the nutrient solution and the dry matter and nitrogen were determined 
in the entire plant including the roots. A plating of the nutrient solution 
was made to determine whether the solution was sterile. The presence 
of any molds or bacteria thus detected excluded from the experiment 
the flask so contaminated. 

The volume of liquid remaining in the flask was measured, and determina- 
tions were made of the nitrate nitrogen remaining in the solution, the 
ammonia nitrogen, if any, and the organic nitrogen present in soluble 
form. The deposit at the bottom of the flask was collected and a determi- 
nation was made of the organic nitrogen contained in it. The reason for 
ascertaining the quantity of nitrate nitrogen remaining in the solution 
was merely to observe whether the presence or absence of this form of 
nitrogen affected the liberation of organic nitrogen by the plant. 

A small quantity of nitrogen was contained in the germinated seed and 
plantlet placed in the flask, but there was no way by which this nitrogen 
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could be transferred to the nutrient solution except thru the roots, as 
the seed did not come in contact with the solution at any time. 

The data for this experiment are presented in table 1. The figures 
give some definite information regarding the presence of organic nitrogen 
in the substratum in which these plants grew and which contained only 
inorganic nitrogen at the time when the young plants were set out. Of the 
plants used — oats, peas, maize, and vetch — all liberated organic nitrogen, 
which was found both in the solution and in the deposit at the bottom of 
the flasks. The quantity of organic nitrogen in the solution was always 
several times as much as that in the deposit. 

The organic nitrogen in the depasit at the bottom of the fla.sk.s is 
probably the result of sloughing off of the root cells, as is indicated by the 
presence of plates of cells in the deposit. It is possible also that a part, 
at least, of the nitrogen in solution is liberated from the plant cells in 
the same way. There is no direct evidence that the nitrogenous matter 
is liberated in any other way, but it is perhaps questionable whether the 
quantity found in solution, especially during the early stages of growth, 
could all have come from detached cells. That these cells are alive and 
remain so for a considerable time has l>ecn noted by Knud.son (l'.)19). 

Organic nitrogen appeared in the solution before the nitrates were all 
removed. It is evident that organic nitrogen is liberated by these plants 
in the early stages of their growth and not exclusively at the periofl Ix't ween 
full bloom and maturity. That only the lo.ss of nitrogen in later growth 
was noticed in the field experiments previously reviewtsl was doubtless 
due to the fact that the plants were absorbing little nitrogen at that 
stage and were liberating it more rapidly than they were absorbing it. 

The quantity of organic nitrogen liberated under field conditions may 
not correspond to that obtained in these experiments, as under the con- 
ditions of the experiments there was no removal of organic matter by 
organisms other than the plant, while in the field there would presumably 
be conversion of the organic nitrogen into ammonia and nitrates. 

The pea plant that grew in a solution without the addition of combined 
- nitrogen, liberated organic nitrogen into the solution in which it grew. 
The growth was by no means as vigorous as that of the pea plant which 
was furnished with nitrate nitrogen, and the plant itself contained only 
about one-fifth as much nitrogen as did the other pea plant, but it liberated 
more than half as much organic nitrogen. 
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ORGANIC NITROGEN PRESENT IN NUTRIENT SOLUTIONS AT 
SUCCESSIVE STAGES IN THE GROWTH OF MAIZE 

In order to ascertain how the stage of growth of maize plants affects 
the quantity of organic nitrogen found in the nutrient media, a series 
of flasks containing nutrient solution were prepared in the usual way 
and a young plant was set in each flask. The flasks were placed in the 
greenhouse on December 24, 1915. They were allowed to remain there 
until the time when they were to be brought to the laboraton,' for analysis 
of the plants and the contents of the flasks. The first flask was opened 
on March 4, 1916, and the others were opened at intervals of a number 
of days until May 24, 1916, when the last one was opened. The interval 
between the opening of the first and that of the last flask covers a period 
of growth, between the pre-tassel stage and maturity (figs. 5 to 9). 

The maize plants grew well and most of tlose that were old enough 
at harvest bore ears. The variety used was a pop corn which under 
normal conditions does not grow verj' tall. Data regarding all of the 
flasks the contents of which were sterile at harvest are given in table 2. 
All of the contaminated flasks except one were discarded in presenting 
the results. The one exception was made because it fell in what would 
otherwise have been a wide interval between the dates of harvest. It also 
represented the condition of most of the contaminated flasks, which did 
not apiJcar to be materially different from the sterile flasks in respect 
to the quantity of organic nitrogen present in the nutrient solution. 

The data in table 2 are consistent in showing the presence of organic 
nitrogen in all solutions in which plants grew. This organic nitrogen 
appeared at all stages in the growth of the plants, but there seemed to be 
a tendency for it to decrease in amount with progressive stages in the 
life of the plant, and especially about the time when the plant approached 
maturity, at which stage there was a very decided falling off in the quantity 
present . 

The organic nitrogen in the deposit at the bottom of the flask did not 
show any decided tendency to vary in amount with the successive stages 
of plant growth. The amount present was uniformly smaller than that 
in the solution. In the bottorn of the flask there could usually be found 
plant cells, indicating the sloughing off of root caps and root hairs. This 
suggests a possible source of at least a part of the organic nitrogen in 
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solution and in the deposit, but whether it would account for all of the 
former may be questioned. 

It was when the solution remaining in the flask was reduced to a rather 
small volume that the quantity of organic nitrogen in the solution fell 
decidedly. However, it did not appear that this was due to the saturation 
of the solution, as the large flask no. 1291, which contained 3700 cubic 
centimeters of solution at harvest, had no more organic nitrogen in the 
solution than did the smaller flask no. 1286, which contained only 1500 
cubic centimeters of solution when opened. 

It seems likely that the organic nitrogenous compounds are absorbed 
by the plant as it approaches maturity. This may l>e in order to establish 
equilibrium between the plant juices and the solution in which the roots 
are immerseil. In the soil there would probably Ire a tendency for these 
organic nitrogenous compounds to undergo ammonification and nitrifi- 
cation, and, if conditions are favorable for these proces.ses, there might 
be verj' little organic nitrogen in the soil solution at any time. Con- 
sequently, if there is a tendency to establish osmotic equilibrium there 
would probably l)e a much greater removal of organic nitrogen from 
a plant growing in .soil than from one growing in a sterile .solution. 

Organic nitrogen appears in the nutrient solution before all of the 
nitrate nitrogen has disappeare<l, but the disappearance of nitrates is 
not a signal for the decided drop in organic nitrogen which occurs much 
later. 

Previous investigations concerning the liberation of nitrogen from 
higher plants during growth have Ijcen conducted in two ways One 
of these consisted in analyzing the plants from a measured area of land 
at certain intervals in the growth of the plants. Such experiments usually 
demonstrated that there was a loss of nitrogen from the plants betweam 
blossoming and ripening. Owing to the fact that the plants were ab.sorbing 
nitrogen rapidly at earlier stages of growth, the income was greater than 
the outgo and consequently the earlier movement of nitrogen was not 
discovered. The other method, ased by IvcClerc and Brcazcale, in which 
the leaves were washed, showed a removal of nitrogen at each stiigc at 
which it was applied, but naturally the loss sfj occasioned would be rather 
small under natural conditions as it would occur only during periods 
of rainfall or heavy dew. 
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The movement of organic nitrogen from the plant into the soil solution 
would presumably be considerable, and possibly the cycle involving the 
absorption of nitrate nitrogen by the plant and its conversion into organic 
compounds followed by a return to the soil of a part of these compounds 
and a reconversion of the nitrogen into nitrates may be a very extensive 
one. What part it may play in the economy of the plant is at present 
only a matter of speculation. It may be that the liberation of this material 
is merely casual, while, on the other hand, it is conceivable that the 
substances so eliminated are more or less injurious to the plant and when 
exposed to the decomposing bacteria of the soil are destroyed and not 
reabsorbed. When liberated into a sterile solution they are not destroyed, 
and, being largely reabsorbed, they may exert a toxic effect on the plant, 
which never makes a perfectly healthy growth in these solutions even 
when it produces grain. 

TOTAL ORGANIC MATTER PRESENT IN NUTRIENT SOLUTIONS IN 
WHICH MAIZE PLANTS HAD GROWN 

The experiments previously descrilied have dealt only with the forms 
of nitrogen present in solutions in which higher plants have grown. It 
would appear to be a matter of some interest to know something of the 
total quantity of organic matter in these solutions, and what proportion 
this organic matter may bear to the nitrogen present. For this purpose 
a number of flasks containing the usual nutrient solution of one-tenth 
strength were prepared and maize plants were grown in these in the 
customary way. It was planned to have a set of four flasks to be opened 
after the plants had grown for about two months, and another set of the 
same number of plants to be harvested when fully mature. Unfortunately, 
the flasks in the latter set were all found to be contaminated when 
opened, and for that reason the data furnished by these flasks are n'bt 
considered to be of value and are not included in table 3, which gives 
the data for the first four flasks only: 
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TABLE 3. Total Oboanic Mattes and Nitbogen Present in 

Maize Plants Had Gbown 

Solutions 

IN Which 

Kind of plant 

Maize 

Maize 

Maize 

Maize 

Serial no 

1 

2 

3 

4 

Date of setting plant in flask 

May 1 

May 1 

May 1 

May 1 

Date of removing plant from flask 

June 23 

June 23 

June 23 

June 23 

Growing period (days) 

53 

53 

53 

53 

Dry matter in plant (milligrams) 

17,266.4 

23,076 4 

24,058.5 

20,443 0 

Nitrogen in pl^t (milligrams) 

Volume of solution at harvest (cubic centi- 

357.1 

327.4 

400 0 

365.8 

meters) 

5,875 0 

4,155 0 

3,855 0 

4,870 0 

Condition of solution . . . . 

Total organic matter in solution at harvest 

Sterile 

Sterile 

Sterile 

Sterile 

(milligrams) ... ... 

Nitrogen in solution at hardest in form of 

466.6 

353.1 

476 1 

535 7 

NO) (milligrams) ... 

0 0 

0 0 

0 0 

0 0 

NH) (milligrams) 

0 0 

0 0 

00 

0 0 

Organic matter (milligrams) ,. 

Ratio of organic matter in solution to dry 

1 7 

1.0 

1 3 

1.4 

matter in plant . . 

1:37 0 

1:65 3 

1:50 5 

1:38 1 

Organic nitrogen in deposit (milligrams) 
Nitrogen in organic matter in solution tper 

0 0 

0 4 

0 8 

0 6 

cent) 

0 35 

0 27 

0.27 

0 27 


The plants used in this experiment made a rather rapid Rrowth, the 
conditions in the greenhouse during May and June being very favorable 
for the growth of maize. Not only had all of the nitrate and ammonia 
nitrogen disappeared from the solution, but the organic nitrogen ha<i 
been reduced to a very small quantity, l)eing, in fact, lower than in any 
of the other experiments of this kind. It was rather surprising under the 
circumstances to find so much total organic matter in the solution. Evi- 
dently but a small proportion of the organic matter present wsus of a 
nitrogenous character, as the percentage of nitrogen in the organic matter 
in solution is only alrout 0.3. Probably there was much carlxrhydrate 
material present. Knudson’s (1920) investigations led him to conclude 
that reducing sugars are excreted by plant roots. (Calculating the nitrog- 
enoas organic matter at fi.25 times the nitrogen present, such material 
would constitute only about one-fifth of the total organic matter. It i.^ 
altogether likely that the proportion of nitrogen in the organic matter 
varies at different stages in the growth of the plant. 

The ratio of the organic matter in the .solution to the dry matter in the 
plant is surprisingly high. This varied from one part in the solution to 
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57 parts in the plant, which was the narrowest ratio, to one part in the 
solution to 65.3 parts in the plant, which was the widest ratio. If it is 
to be assumed that the decomposition of this organic matter in the soil 
would increase its liberation by the plant, the result would be that a very 
large quantity of organic matter would be transferred to the soil. It is* 
jntirely conceivable that higher plants may influence bacterial activity 
n the soil by means of this liberation of organic matter, which would 
'urnish a source of energy for certain bacteria, as, for instance, nitrate 
ionsumers. 

In the solutions in which these four plants grew there were at harvest 
10 ammonia, no nitrates, and very little organic nitrogen, which condition 
ndicates a strong demand for nitrogen by the plants. Sometimes 
immoniacal nitrogen was found to be present in the solutions and some- 
imes it was absent. The cause of its formation is an unsolved problem. 
Two possibilities present themselves. One is that ammonification of the 
irganic matter in the solution took place lietwcen the time when the 
lask was opened and the time when the test for ammonia was made, 
jontamination of the solution from outside occurring after the flask was 
ipened. This was guarded against as far as possible. Another hypoth- 
isis is that ammonia formation was due to enzymic action, the plants 
laving liberated the necessary enzymes. 

Possibly ammonia is commonly formed and when the demand of the 
ilants for nitrogen is great it is absorlied and thus disappears from the 
olution. If it is derived from the hberated organic nitrogen, as seems 
lossible, it may be the means by which organic nitrogen is rendered 
available to higher plants. 

. In a previous experiment, flasks were opened at four different stages in 
he growth of maize. As the periods of growth varied from a rather 
arly sti^e, before the nitrate nitrogen was all removed from the solution, 
0 maturity, it would have been a very interesting experiment had it not 
teen for the fact that the last two flasks opened were found to be con- 
aminated. The data, however, are all tabulated in table 4, altho there 
9 , of course, no assurance that the results were not materially affected 
ty the organisms that had gained access to the solutions. 

The sterile flasks in this experiment agree with those in the experiment 
ecorded in table 3 in showing the presence of a large amount of organic 
aatter in the solution in which the plants grew. The amount was less 
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for the data shown in table 4, but the growth of the maize plants in the 
sterile flasks also was less. The quantity of inorganic matter and of 
organic matter appears to decrease and increase at the same periods if 
^credence is to be given to the data from the last two flasks opened. The 


TABLE 4. Total Okga.vic Matter and Xitrooen Present in Soi.ctions at Successive 
Stages i.n the Growth of Maize 


Kind of plant . , 

Maize 

Maize 

Maize 

Maize 

Serial no 

1 

2 

3 

•1 

Date of setting plant in fLisk 

June t.*?! 

June 28 

June 28 

June 2S 

Date of remo^dng plant from flask 

•Aug. 3 

-Aug. 16 

Aug. 30 

Sept. 20 

Growing period (days^ 

.30 1 

to 

(k3 

84 

Dr>‘ matter in plant fmillicrram.si. . 
Volume of solution at hanest (cubic 

10,200 0 ! 

; i 

24,100 0 

32,200 0 

Cm, 000 0 

ceatimeterj<) 

! G,L>00 0 

6,0,oO 0 

2, .8.30 0 

2,700 0 

Condition of solution 

Nitrogen as nitrates in solution (milli- 

Sterile 

Sterile 

Contaminated 

Molds 

grams) . . 

.32 4 

Trace 

0 0 

0 0 

Inorganic matter in solution (milligranisi 

1 ..m 0 

I ,(r>6 4 

310 6 

too .3 

Organic matter in S'jlution (milligram.sij 

201 4 

2S4 9 

ro 0 

2.31 1 


data for inorganic matter were probably not influenced by the infection 
of flask no. 3, and this .shows a gradual decrea.se in amount up to the 
sixty-third day of growth and then an inereasi- at maturity, indicating a 
liberation of salts from the plant. Such lilieration must, of eoursi-, have 
been by way of the roots. Admitting, then, that inorganic matter may be 
removed by the action of rainfall on the leavi's, of which the investigations 
of Le Clerc and Breazealo leave little doubt, there apiKiar to bo at least 
two means by which this material may lie lilierated by the plant. 

REDL'CIXG AND OXIDIZING SUBSTANCES LIBERATED BY PI>ANT ROOTS 
While many investigations have been rnadi* of the oxidizing and reilueing 
enzymes in plants, very few have bi-en undertaken for th<‘ puriKisi* of 
ascertaining whether any of these iKxlies appear in thi* .substratum in 
which the roots of plants are imincrsisl. It was thought that the sterile 
solutions used in the experiments di’scrilMsJ alsive, in which plants of 
different kimls and of different stage.s of growth were producial, W'ould 
permit of a .series of tests for fhesi- sub.stanceH under conditions that 
would exclude contamination from the .sixsl or from outside .sources. 
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iiul that these tests might possibly afford some information regarding 
I lie relation of tlie stage of growth of the plants to the presence of oxidizing 
ir reducing substances. 


REVIEW OF LITERATURE 

Apparently the only examinations designed to detect the presence of 
reilueing substances in media in which plants grew were those conducted 
hv Schreiner and Sullivan (1910), who placed the roots, and in some 
lases the seeds also, of wheat seedlings in solutions of various reagents 
cDiiunonly used for detecting the pre.sence of reducing substances. Con- 
^idcring only the tests in which roots alone were introduced into the 
rcagi'Fit solution, thi'.se authors obtained reactions with starch-ioditle 
solution, sodium sidiuiite, and s<Klium tellurite. Tests for reduction of 
nitrates appear to have been made only where the seeds were present, 
and under these conditions nitrites were found by means of the Griess 
reaction. The seeds from which the seedlings were genninatc'd had 
previously l)(>en treated with a 0. 1-per-cent solution of mercuric chloride. 
Till' solutifins in which the plants grew wi're not .shown to be sterile. 

It is well known that oxidizing enzymes occur within iilant tissues 
and they are believed to play an important part in jihy.dological proee.s.ses. 
They have been found also in .soils, but (his doi's not furnish any pnxif 
that they an' liberated by jilant nxits altho it suggests such a jHissihility. 
'Idle pr('S('nce in soils of largo nuinlH'rs of bacteria many of which are 
knmvn to secrete enzymes, may well account for tlu' apix'arance in soils 
of o\i(lizing enzymes without any contribution from rixits of higher plants. 
It is c((ually true that the occurrence of enzymes within the plant would 
not ncce.s.sarily lead to the conclasion that (hey arc thus conveyed to the 

soil, 

Xot man}' invest igatoi-s have taken up .studies concerni.ig (he liberation 
of oxidizing substances by j)Lant niot.s. The work of MoUsch, Czapek, 
anil Hacibonski has lieen reviewed by Scliredner and Reed (19(K1), and 
hi inc it i.s not neee.s.siiry to review it here. Sehreincr and Hml, in the 
papci referred to, state that they have Ixvn able to deteet (he presence 
>1 oxiilizing enzymes on eertain parts of the surface of wheat roots. For 
|)urpo,se they u.sihI alpha-naphthylaminc, iHUizidine. vanillin, vanillic 
” 'd, |)lienolph(halin, aloin, and leuco-ro.solic acid. As in their experiments 
* ’ die detection of reducing sulxstances, (here was no evidence offered 
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to show that the solutions were sterile, but the authors state that it is 
improbable that the enzymes were produced by bacteria. 

Summarizing the experiments to determine the presence of oxidiziii); 
enzjTnes outside of the grooving roots of plants, it may be said that Moliscli, 
Raciborski, and Schreiner and Reed report the finding of these enzymi's 
and consider them to have been excreted by the roots as a normal con- 
dition of their growth. Evidence of the liberation of reducing substanci ^ 
is less conclusive, but if oxidizing enzymes are liberated by plant root- 
it is easily conceivable that reducing substances would be also, as both 
are well known to occur within the plant tissues. 

TESTS FOR REDCCING AND OXIDIZING SUBSTANCES LIBERATED BY 

PLANT ROOTS 

The data already presented .show that a comparatively large amount 
of soluble organic matter may lie given off by plant roots during llic 
growing period. This organic matter may lie derived in part from root 
caps and root hairs that are sloughed off by plant roots as development 
proceeds. The roots or detached cells may give up to the surrounding 
medium certain specific compounds, some of which may be enzymic in 
character. In order to obtain information on this subject a number of 
tests were made to detect the presence of certain substances that might 
influence reduction or o.xidation. 

Reducing substances 

A number of reagents that had lieen proposed for the detection of I In 
presence of reducing substances were used for testing the solutions in 
which maize plants had grown, and at the .same time for testing chci h 
solutions con.sisting of the nutrient .solution made up as it was for tin' 
growth of the maize plants. In some cases the solutions in which the plant- 
had grown were Ixiiled liefore being tested, l)ut an unlxiiled portion wn- 
always tested at the same time. Some of the reagents failed to givi' 
a reaction with any of the solutions tested and were discarded. Thc.'-n 
were methylene blue, methyl violet, gentian violet, sodium selenite, and 
sodium tellurite. These failures may mean merely that the condition.^ 
under which their reactions occur did not obtain altho reducing substances 
may have been present. 
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Tests for reducing substances were made with prussian blue in solutions 
iVoin six sterile flasks in which maize plants had grown, using both the 
iiiboiled and the boiled samples of the solutions as well as check nutrient 
-olutions. These tests were made in solutions taken from plants at 
different stages of growth. Ten cubic centimeters of each solution was 
11 -,' 1, and each received two drops of a 0.5-per-cent solution of phenol. 
After the prussian blue was added, the tubes containing the solutions were 
allowed to stand for twenty-four hours, at the end of which time notes 
were taken on the results. In each of the six tests the unboiled solution 
111 which the plant had grown gave a distinct reaction for reducing sub- 
-tances. The Ixiiled .solution gave no reaction in three tests, while in 
the other three the result was rather uncertain. The check solution 
gave no definite test for reducing substances. 

Reduction of niirntea . — Since traces of ammonia were found in the 
'-teiile solution which had surrounded the maize roots, it was thought 
possible that thru the action of enzymes liberated by the plant this 
aininonia might have been formed from the nitrates in the nutrient solution. 
Test.s for nitrates were ma<le, using sulfanilie acid and naphthylamine 
iKctate. No positive results wore obtaincil. .\s a further test the 
iliphenyLiminc reagent was employe*!. This reagent is considered to be 
positive to nitrite 1 part in 32,000,000 and to nitrate 1 part in 44.000.000. 
Tile tests were made with a series of sixteem flasks and no positive results 
Were obtained. 

riiis does not necessarily show, however, that reducing enzymes might 
not have been present, for the maize removed all the nitrates from the 
nutrient .solution rather early in its development, and the liberation of 
rnlueing substances may not occur until after the plant has taken up most 
"f the nutrients necessary for its development, or the nitrites may be 
ali'orhcd by the plant. 

riie nitrites might not have been present because there were no nitrates 
fioiii which they could lie formed. The problem of supplying the nitrates 
nnd making the nitrite test was conducted as follows: Check flasks, 
I "five in numljcr, were prepared with the same nutrient solution that 
" IS used for growing plants. A like numlxir of test flasks were u.so<l 
"hidi contained solution from around the plant roots. One hundre*! 

‘'I"’ centimeters was useil in each flask, and the nitrate content was 

"Ic ecpial in both check and tost flasks. The flasks received phenol 
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to make the concentration 1 to 500, and were placed in the incubator 
at 23° C. The next morning tests were made for nitrites, using the Griess 
reagent. No visible differences were apparent. A second test for nitrites 
Tvas made after forty-eight hours. The result was positive in every 
case. This test was repeated with the solution from another flask in 
which a maize plant hail grown. Wliile not so striking, the results in 
this case were also positive. Some tests were negative. A difference 
of NO 3 readings was not detectable in a colorimeter. 

.\nother series of tests for nitrate reduction was conducted, using .') 
cubic centimeters of the solutions in which maize plants had grown for 
periods of vani'ing lengths and adding to this a small quantity of calcium 
nitrate solution, at the same time introducing two drops of a 0.5-pcr-cent 
solution of phenol. Alpha-napthylaminc and sulfanilic acid were u.sed 
to test for the presence of nitrites, the solutions Ixhng allowed to stand 
for certain lengths of time varying from two hours to three days. Such 
tests were made of the sterile .solutions from eight flasks in which plants 
had been grown, the solutions being taken for the tests within a few minutes 
after the flasks were openeil. .\ sample of the solution from each of the 
flasks except one was boiled before being tested, and another sample was 
not .so treated. The check nutrient .solution wa.s tested in each ca.se 
Of the eight flasks tested, the unljoilisl solutions showed the presence of 
nitrites in every case but one, the check .solution showed the absimce of 
nitrites in six cases out of eight, and the lioileil solution gave a reaction 
for nitrites in six tests but did not color .so rapidly as did the unboiled 
Apparently nitrate-reducing substances were usually pre.sent in tlw 
unboiled .solutions in which the maize plants had grown, and boiling tlio 
solutions failed to render these substances incapabh; of bringing alxiiit 
reduction of nitrates in the presence of phenol. 

While the process of boiling did not completely prevent the liquid 
surrounding the plant roots from effecting reduction of nitrates, it seemed 
to curtail its activity, as is indicated by the slower coloration of the reaction 
with the alpha-napthylamine and sulfanilic acid. The tests for reilucing 
substances Viy means of prus.sian blue, on the other hand, ilid not givo 
any more reaction with the boiled solutions than with the checks. While, 
therefore, the operation of boiling priKluced .some effects corresponding 
to what might lx; expected from enzymes, there is some question as to 
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w liether the reducing substances were of that nature in view of the results< 
with reduction of nitrates. 


Oxidizing substances 

Peroxidases were detected in the culture solution in which the roots 
of maize, vetch, oats, peas, soylieans, alfalfa, and timothy had grown. 
Prom 8 to 10 cubic centimeters of each solution was placed in a dry test 
ti!l)C together with a few drops of hydrogen peroxide. This was allowed 
to stand for from two to three minutes, and then from two to three drops 
of a .0- per-cent phenol solution were a<lded. The latter was then followed 
l)v an tilcoholic solution of guaiac. It was considered that a positive test 
was recorded if the color became blue in thirty minutes. With this test 
no difficulty was experienced in obtaining a reaction with solutions from 
all of file flasks tested. Boiled solutions treateil likewise gave no reactions. 

In working with the solution in which vetch roots had grown, a very 
strong reaction was obtainerl by the use of hydrogen peroxale and phenol. 
The solution was placed in drj’ te.st tubes and a few drops of hydrogen 
peroxide were added. This was allowcil to stand at room temperature. 
.\fter from three to four minutes a few drops of a .o-ptw-cent phenol solution 
weic run down the side of the test tube. Shortly after contact of the 
inaierials, a growing yellow color developeil, which gradually increased 
and on long standing settled out. This te.st was negative when the same 
solution was Ixiiled. An extract of maceratctl vetch roots and nodules 
gave the same test. If this material was Ixiiletl, however, no reaction 
was olitained. 

Phcviolpthalin was used jus a reagent for indicating the presence of 
oxidizing substances in the solutions in which maize plants had grown, 
l or these tests lx)th boiled and unboiled .samples of the solutions w'cre 
U'cd ('hecks consisting of the nutrient solution in which no plants 
laid grown were also included. Phenol was addeil, as in the previous 
Results from these tests were usually negative. 

Pxperiments in which guaiac were uschI without a peroxide indicated 
the presmice of an oxidase in solutions in which maize plants had grown 
"illy when the plants were very young. Agar in which timothy plants 
Wore grown always gave a reaction with guaiac. 

lists with pyrogallol included only one sterile flask. No phenol was 
""'■'I At the end of one-half hour the boiled solution was clear, the 



40 


T. L. Lyon and J. K. Wilson 


unboiled was brown, and the check was a light yellow. On the whole 
the tests for oxidizing substances cannot be said to have offered very 
strong evidence of their presence except in the case of peroxidases. 

Possible coexistence of oxidizing and reducing sxibstances 
Altho the number of tests for oxidizing enzymes were rather few, reac- 
tions indicating their presence were confined mainly to the solutions from 
flasks which gave no marked response to tests for reducing substances. 
It seems likely that both classes of substances are coexistent in solutions 
in which plants are growing, and that at one time the oxidizing substances 
may be dominant and at another the reducing substances. Differences 
in the intensities of the reactions at %’arious times may thus be accountetl 
for. Apparently with the maize plant the predominating reaction was 
for reducing substances thruout most of the stages of growth. 

It would appear from these experiments that some form of reducing 
substance is always present in the solutions in which plants are growing. 
■WTiether oxidizing sul)stances are always present, it is more difficult to 
say. They were found in .some of the solutions taken from flasks in which 
the plants had reached only an early stage of growth, and unless they are 
destroyed later on they must be pre.sent thruout the entire life of the plant. 
In the natural soil solution, enzymes might be destroyed and thus removed 
from active operation except when freshly liberated. 

Xature of oxidizing and reducing substances 
Boiling the solutions in which plants had grown completely terininateil 
the activities of the oxidases, as was to lx> expected. It did not alway- 
have that effect on the reducing substances, especially the nitrate redpeer.-. 
There would thus seem to be considerable doubt as to whether the reducing 
substances were enzymic in character, but they at least had the power of 
bringing about reduction of nitrates in the alisence of bacteria. 

.St MMARY 

Plants were grown with their roots in large fla.sks (8 or 12 liters capacity; 
containing a nutrient solution, the entire contents of the flasks being 
sterile. At various stages in the growth of the plants they were removed 
from the flasks and analyzed for nitrogen, and the nutrient solution was 
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tested for sterility and analyzed for nitrates, nitrites, ammonia, and 
oifianic nitrogen, and in some cases for total organic matter. A determi- 
nation of organic nitrogen in the deposit at the Ixittom of the flasks was 
also made. 

The plants grown were maize, oats, peas, and vetch. The nutrient 
sdlutions in which each of these plants grew contained nitrogen only 
in the form of nitrate when the plants were set in the flasks, but when the 
plants had grown for .several weeks there was always organic nitrogen 
pinsent. Even before tlie nitrate nitrogen had all been absorbed by the 
])lants, organic nitrogen appeared in the solutions. 

Tlie deposit at the bottom of each flask contained a small quantity 
of organic nitrogen, which was prohalily derived from sloughing ofT of the 
root cells as indicated by the presence of plates of cells in the deposit, 
riicro was no direct evidence that the organic nitrogen in solution was 
liberated in any other way, but it is questionable whether such a large 
quantity could all come from these cells, especially during the early stages 
of growth. 

.V i)('a plant which grew in a solution without the addition of combined 
nitrog('n liberated organic nitrogen into tlie solution in which it grow. 
The growth was by no means as vigorous as that of another i>ea plant 
whicli was furnished with nitrate nitrogen, and the plant it.self contained 
only about one-fifth as much nitrogen as did the latter plant, but it 
libiTated more than half ;us much organic nitrogen. 

.V series of flasks in which maiz<‘ was growing were harvest lal at successive 
stages in the growth of that plant, and the plant and the fla.sk contents 
'\crc examined in the manner already describeii. Orgtmic nitrogen 
appeared in the solutions at all stages in the growth of the plants, but 
there .seemed to bo ;i tendency for it to deereasi' in amount with pro- 
gressive stages in the life of the plant and esjaeeially as tl.c plant closely 
approached maturity. The organic nitrogen in the depo.sit at the bottom 
"f the flasks did not .show any decideil tendency to var>' in amount with 
the successive stages of plant growth. 

Hctirminations of total organic matter were made in the solutions 
fruiii some of the flasks. Thi.s constituent was very large in amount 
I' compared with the nitrogenous organic matter present. Apparently 
''"re was much non-nitrogenous organic matter in the solutions. Galeu- 
' ' ">g the nitrogenous organic matter at 6.25 times the nitrogen present, 
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this material would constitute only a small part of the total organu 
matter. 

The presence of reducing substances in solutions in which plants had 
grown was indicated by certain tests, but a number of other reagent < 
failed to give reactions. Nitrates were nearly always reduced in th‘-i 
solutions in the presence of an antiseptic. Boiling the solution d’ 
entirely prevent nitrate reiluction, but it greatly decreased the rate ti, 
which reduction proceeded. 

Peroxidases were always present in solutions in which plants had grow u 
Boiling these solutions caused them to give no reaction for pero.xida.'-( '• 
Tests for other o.xitlizitig substances were not sufficiently satisfactory lu 
warrant the conclusion that they were present. 
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records for tanks 13 TO 16 DURING THE YEARS 1913 TO 1917 

INCLUSIVE 

T. Lyttleto.v Lyon and James A. Bizzell 


riie object of the experiments herein <lescril>cd was, in the main, similar 
to tliat of the lyaimeter experiments previously reported by the authors,* 
the essential differences being that a soil of another series was used, and 
tluit the effect of different cropping systems on the removal of the soil 
roiistituertts in the drainage water was not a feature of the present 
exiieriment. The lysimeter tanks were like those described in the earlier 
publication. 

THE SOIL USED 


The tanks were filled in the summer of 1910 with a soil classified by the 
Tnited States Bureau of Soils as Volusia .silt loam. The soil is typical 
of much of the hill land of southern New York. It was formed, in the 
main, from shale and siindstone as the re-sult of glaciation, which was 
rather feeble on these high lands. There is much broken shale distrib- 
uted thru the soil, the pieces Viirying in -dze from small particles to large 
U)cks. The subsoil is often very compact. :uid even on the hillsides jxKtr 
idiamage is the rule. The .soil layer is often shallow on the hills, the shale 
in .some places lying thrw or four feet Ih'Iow the surface. 

In cliemictil c()mix)sition this soil is di.stingui.shetl l)y its low content of 
calcium. The other .s<iil constituents .arc pre,sent in what maj' lx* con- 
sidert'd fairly liberal cjuantities. Agriculturally Volusia silt loam ranks 
S'- poor, and the stun[)le placed in these lysimeter tanks is considerably 
cs^ productive than the average soil of the type. It is a much less pro- 
nut ive soil than the Dunkirk cl.ay loam contained in tanks 1 to 12. Its 
nw productivity as a tyjx? may Ix' <lue in part to its location, which is 
only on high elevations, the approaches to which are steep, making it 
naccossible to railroads and thus adding to the difficulty of applying lime 
^1 fertilizers, which have consequently been meagerly u.<ed on these lands. 


;1 1 u' iT.' **‘***’*t A. L>-nimct»T fiprrinifnt* Rrrorilj f,>r Unks 1 to 12 duriM 

\rK ■, Cornrll fniv Agr Eip .sta .Mrmoi,- 12 11 15 ISIS 

" ' '^I'urTnif tn rxpmn thrir thgnkn to Mr E W Loland for hia wrvit^ 

teuiK thr cullin..! m** '?* during the entire penod of the eipenmenta. end for auper- 

cuiiurei operetioM on the tankj. 


61 



52 


T. Lyttletox Lyox axd James A. Bizzell 


Volume u'cight 

Before the soil was placed in the tanks all stones larger than a walnut 
were removed from it, but, as is characteristic of this soil series, a lar^te 
number of small stones still remained. It is probably on this account 
that the volume weight of the soil was so high. The weight of earh 
twelve-inch layer of air-dry soil placetl in the tanks is shown in table I : 


T.VBLE 1. .\vKRAGE WEtGHT OF Eacii T»elve-Ivch Layer of .Son, IS Tasks 


! 

! 

First 

foot 

(pounds) 

Second 

foot 

(pounds) 

Third 

foot 

( pound.sl 

Fourth 

foot 

(pound- 

Weight of soil in tank< ! 

Weight of soil per acre 

! 

2,2.')0 

.'),« 2 .),ono 

2,170 

5,42.1,000 

i 

1,S.')0 
4, 625, (XX) 

4,.‘t75.i"«i 


This, it may be reimirked, is a soil having greater volume weight tli ui 
the Dunkirk cl:iy loam U'cd in t;inks 1 to 12 inclu.sive, owing, in p.ut 
at least, to the large numlx'r of stones. 


Mechnniciil composition 

X statement of the mechtinical analysis of the soil by the ccntrifui'il 
method, including all ptirticles fnan fiiu' gravel to e!:iy, is given in tabl. 

T.-VBLE 2. MErm.NK'Ai, Compo-itiov of .Soii, in En.i.n from Which Tanks l-T y 1'' 


Wl.ltF, 

Fii.i.fd 




.'eparat's 

First 

foot 

. (|)er centi 

' i 

1 

Sere n(i 

(per cent) 

Third 

foot 

(per rent) 

Kotir 

fofd 

fp«*r t ' ■■ 

Fine gravel 

i 2 ;52 

5 .3 2 

.3 00 

' II 

^iiKl 

2 01 

4 VI 

2 7.S 

-■ 

Medium -.and 

;t 02 

4 (H 

2 S.'. 

lb 

F iru; saruJ 

6 :r2 

s (X) 

6 ;x) 

" !'• 

\ fry firi',* •‘anrl 

15 f»2 

I S 22 

15 so 

1 1 7" 

Silt 

.50 HH 

42 60 

51 25 

.3" "I 

flay 

IS 6.3 

16 79 

IS 02 

21' ri! 
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This soil has always permitted the rainfall to percolate readily since 
jt has been in the tanks. At no time has there l)een any stoppage and there 
lai' never been any water standing on the surface. The soil has, on the 
^\hol(', drained more quickly and given a clearer percolate than did the 
Dunkirk clay loam in tanks 1 to 12. 


Chemical composition 

The samples u.sed for the mechanical analysis of the soil in these tanks 
Vi re taken from each foot layer and repro.sent the average composition 
of the four tanks. The sampk's for the chemical analysi.s were obtained in 
till 'aine manner. Bulk anaij’ses were made. The methods iwed are 
-I, lied in the ai)pendix to Mt'fHoir 12 (pages 8.5 to 87) and the results are 
ii\eii 111 tatjle 3; 


T.VBI.E .t. CiiKMicAi. .Analysis of .Son, Pi.ArF.D iv Tanks 13 to 10 



f 'iiiistituont.s determined 

First 

foot 

1 

.Second ] 
foot 

Third i 

foot 

Fourth 

foot 

per cent). . 

0 145 

0 a32 

0 0.W 

0 0.70 

.rlxin (p<'r cent) 

1 iVK) 

1 0 270 

0 11.") 

0 (VsO 

\iiie ( per cent 1 

0 -.>30 

0 1<V) 

0 200 

0 3('>.‘) 

II o\iile (p<'r centt 

0 .ViO 

0 300 

0 -200 

0 400 

iivide (per cent) 

1 (V.K) 

1 .siO 

1 710 

2 170 

■iilr ( [XT cent 1 

I TJO 

0 010 

0 Sio 

1 070 

r .iidivilride (per cent) 

0 071 1 

0 OW 

0 01 S 

0 071 

Mile (per cent 1 , . 

0 012 

0 033 

0 041 

0 03i 

as cftrlxmutf* fprr ernt) 

0 ato 

0 030 

0 0 '20 

Trace 

ireiiient (C’aO in piirt.s pi-r million' 

I ..CiO 

SOO 

(>->0 

1 

400 


I he chemical analysis shows a relatively gootl '-upply of jilant nutrients 
ts conipared with the average soil or with the Dunkirk .soil in tanks 1 
12. but th(' Dunkirk is a much more productive soil, as is evident on 
fo'nparisoii of the yields of crops from Imth .si'ts of tanks. The only 

I 'mciiis in which the surface f<M)t of the Vohisia soil is materially Ix'low 
id of the Dunkirk are calcium and sulfur. Nitrogen, pho.sphorus, 
id iiolassium are alwit erjual in amount in the two surface .soils. The 
IK' rc(iuirement according to the Veiteh method is .somewhat greater 
die \olusia soil. In the second, third, and fourth feet the calcium is 
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much hig:her in the Dunkirk soil. If the difference in productiveness and 
other properties is to be traced to any difference in chemical composition, 
it would appear that calcium and jx)ssibly sulfur are the only constit- 
uents that would call for inspection. It is true, however, that magnesium 
is higher in the surface foot of the Volusia soil. 

MANURE AND FERTILIZERS USED 

Farm manure was applied once to the soil in each of the four tanks. 
This application was made in the spring of 1914. The analysis of tlu' 
manure is given in table 4. The methoil of analysis is dcscrilieil in tlu' 
appendix to ^lemoir 12, pages 90 and 91. 


T.ABLE 4 . Composition of F.\rm Mvntre .\ppue„ the Soil in Tanks U? to lii 


Constituents 


j Percentage 

1 com- 

' position 

Pounds 

per 

acre 

Dry matter .... 


21 -26 

4 , 2 .'..’ 

Nitrogen . 


0 .')0 

ItKI 

Pho.sphoric anhydri.le 


0 .17 

71 

Pota.ssium oxide 


0 :«) 


Calcium oxide 


0 Od 

12 ''. 

Magnesium oxide 


0 27 

•M 


The burnt lime, of which one application was made, contained 91.9.') 
per cent of CaO and a trace only of MgD. 


METHODS FOR rilEMK'AL AND .MEI'HA.VICAL AN.\I.,Y.SE.S 
The methods u.sfal for the chemical analyw's of the soil, crops, drainagi' 
water, rain water, manure, lime, and pota.ssium sulfate, and for tin- 
mechanical analysis of the soil, are de.scrilaal in the appendix to Memoii' 
12, pages 85 to 91, inclusive. 


.SOIL TREATMENT AND CROI’I’INIt SYSTEM 
The four tanks u.sed in this e.\ix;riment were all filh'd in the late summer 
of 1910. From that time until the spring of 1913 they were not treated 
in any way, but the drainage was collected, measured, and analyzed in 
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(iidcr to have a complete rcconl of all constitucntis removed in the drainage 
uati'r from the time when the soil samples were taken for analysis. Since 
the present rejxjrt does not attempt to show the difference in the com- 
position of the soil at a later period, hut is rather a discussion of the 
( Ifect of the application of burnt lime on the composition of the drainage 
water and the plant ash, the drainage for the period previous to May 1, 
Ittld, is not considered. 

rarni manure w:us applied to each of tlic four tanks in the spring of 
I'.tld, the ai)])lication being at tlu* rate of It) tojis to the' acre. Burnt lime 
was applied to tanks 15 and 16 in the spring of 1913 at the rate of 300Q 
])ounil.s to the acre. 

Tanks 1-1 anti 16 were nci'cr planted to any crop, and growth of vege- 
tation on them was prevented by ho<“ing. In the year 1915, when maize 
was gnjwing on tanks 13 and 15, the unplanted tanks were hoi'd at the 
saini' time and in the same way as were tlu> tanks planted to m.aize: when 
other croiis were growing on the planted t.anks, tlie utiitlantcd ones were 
merely scrapt'd with a hoe. In each tank plantt'd to maize' there were 
ciglit('('n maize plants. Seven rows of oats and tlie same number of rows 
of b.arley were sown in each tank planted to tho.-'e crops. TIk' barley 
wa- used to replace wlicat, whieli had been .sown in tin' previous autumn 
,111(1 had winterkilh'd. Canada iteas were planted broadcasi. All crops 
grew to maturity and produced seed, but it was ('vident that the soil was 
not a very productive one. The mtmuri', limt', and crop treatments are 
>lio\\n ill table 5; 

l.tlil.t; Sdii, Tuk\tmknt and Crops ItAisEO on Ly-imeter Twks IS to Hi dvrino 
THE I’eRIOI) nioM mi.'t TO ini7 


Soil troatinciit ' Crop.s 


j 

T.uik. I 



I'crlilizcr 

Lime 

ini;t 

lint 

ini.') 

wm 

1017 

l.'i 

1 1 

I'.'irtn inaiiuro 

None . . 

Oal s 

Canaila jx-as 

.Maize. 

( 

Barley 

I'orin iiiHiiuro 

None . . . 

None . 

None 1 

None 

\one. 

None 

1.") 

I'ann inanun- 

Biirnf 

Out s 

Cana<la jx'.-i- 

Mai/i . 


Barley 

k; 


lime 




lorm manure 

Biirnl 

None. . 

None. 

None. 

None. 

None 



limn 


1 

1 
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not caused a greater percolation of water. The same wiis true of tlie 
application of lime to the Dunkirk soil in tanks 1 to 12, in the earlier exjx'i i- 
ments. While this may not mean that the lime did not flocculate tlie 
uppei- laj'cr of soil with which it was incorixjratcil, it has some significance 
so far as drainage is concerned, since it indicates that liming a soil of this 
kind would not result in facilitating the removal of water thru tile drains, 

water utilization by crops 

The water utilization by crops on this soil was large for the amount uf 
dry matter produced, Ixjth when calculated to the minimum transpiration 
ratio and by tlie evaiio-transpiration ratio. Tlie former wins calculated 1 y 
subtracting the drainage from the planted tanks from the drainage finni 
the unplanted ones, and amounts to 451 |xmnds of water for every [xiiiihI 
of dry matter in the crops raised during the five-years pc'riod. Tin- 
appears in tabular form in table 8: 


TABLE 8. Mi.simcm Tr-cnspiration for .\ll Crops Rai.sed dcbiso Fivt.-Yf.ab.s I’rmnD 


i 

Tanks 

! 

Cropping 

treatment 

1 1 

.Vverafte annual 
pi'reolation 
per lank 
(pounds; 

! .VveraKC anii i.ii 
produiiioii 
of dry maii. r 
I)»‘r tank 

1 (pounds 

U, 10. , . . ' 

I'nplanted 

■> , 4()2 

1 

1.3, 1.5 ; 

Croppoti 

I ,s7l 

, 1 

Minimum traMpiration 


.Wl 


Minimum tran.spiration ratio 


1. 1.51 



E vu po-l ra tin pi ratio n ratio 

The evapo-transpiration ratio wa.s calculated by subtracting the avctncr 
percolation thru the planted tank.s for the five-years ix^riisl from the i i>'' 
fall on the same area for the .same iB-rifal, and dividing this by the iniiio "'' 
of gram.s of drj' matter per tank in the crops produced. This ratio c 
given in table 9: 
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table 9 . Evapo-Transpiratiov for Am. Crops Raisf.d during Five-Years Period 



Liters 
per tank 

Limfiill (average annual) 

l,:i'SS 7 
.■-dS 7 

r’ereolation from planted tanka fa--erage annual) ... 

rranspiration and evaporation from planted tanka. . . 

.340 0 

ivapo-tran.spiration ratio. . . ... 

1 ftOS 

1 


Neither the minimum transpiration ratio nor the ev-apo-transpiration 
ratio is neeesaarily tlie same ;is the actual transpiration ratio. The former 
is likely to he le.ss lieeau.se the evaporation from the implanted soil is almost 
always greater than the evaixiration from the planted soil, and the latter 
is almost sure to he jjreater Ixmau.se it includes the water that evaporates 
‘rom the surface of the soil as well as that wliich is transpired by the 
plants. The actutil transpiration ratio therefore lies Ix'twecm 1:451 and 
1 :9()S. 

It IS significant that Ixath transpiration ratios for the Volusia soil are 
50 much wider than tho.se for tin* Dunkirk soil, the former heinp alxtut 
5ti per cent wider than the latter in Ixith ca.si's. It seems fair to .assume 
that the actual transpiration ratio is corresixmdingly wider for the Volusia 
soil. Such (lifTerences cannot lx* attributed to conditions other than the 
soil, and probably aris«« from a dilTerence in the concentration of the .soil 
dilution. 1 he transpiration ratios are invei'sely pro|x)rtional to the con- 
tentratfon of the drainaiie water and the crop yields from the.se two soils, 

ni.i\ Ihi seen in table 10, the d.ita in whii'h are for the five-years [xiriods 
ilready reixirted with the exception of the crop yields, which are for 1915, 
191(), and li)17 only, since thosi> were the only years in which the same crops 
Acre grown on Ixith sets of tanks. 
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an important factor in crop prodiii'tioii; on tJie other hand, it may l)c 
significant, especially if it is siip|K)rted by evidence drawn from the removal 
of nitrogen in the drainage water. 


Effect of liming on removal of nitrogen in drainage water 
The quantities of nitrate nitrogen removed in the drainage water of 
unplanted soil alTord a better mean.s of tvseertaining whether liming in- 
creases nitrate formation than iloes the removal of nitrogen in crops 
The data by years for the nitrogen in drainage water from unplanted soil 
are presented in table IJ: 


T.tBLE 13. XlTROi'.EV IN' nUAIN’^r.E tVlTEB OF I'SPI.AVTED TaVKS, CAI.Cia.ATED TO 
P<jrNii^ la.R .\i r:-. hv Vkari.v Pkhiods (May 1 to Aprii. 30) 


Tank 


! nurnt 
Fertilizer . lune 


XitroRcn in ilrainuKe "ater 
( poumi.M per arm) 



1 

^'peund.-! 

, l'tl3 

laii lai.') 

1016 

1017 

Total 

14 

16 

Nt.inurp. 

Manure. 

Xime 

3.0(K) 

73 11 

NS l,'> 

.31 >1 
41). V) 

40 31 
5.> 79 

31 17 

60 SO 

3S 71 
46. 10 

2.30 11 
200 T'l 


In each year the removal of nitrogen in the drainage water from tlir 
limed soil was {rreater than from the unlimeti, which is very good ('videin e 
that the lime produced a condition more favorabli* to the pnxluclion of 
nitrates. It may be remttrked that the applicat ion of lime tf) the Dunkiik 
soil was imt attiaided by any increa.se in the removtil of nitrogen by the 
drainage water or by the crops, d’his dilTerence in effect of lime is a'l 
th(! more strikirm ina.-much as the lime napurianent of the surface fo"! 
of the Dunkirk soil is very little less than that of the N’olusia. The pi - 
centage of calcium, however, is about one-third less in tin* surface fool "i 
the \olusia. In this ca.se the relativa- calcium (.’(mtent of the .soil is a ImJI' i 
guide to its need of lime for nitrifictition than i.s the lime re<iuirement C' 
detennined by the V(-itch methixl. 


Effect if hilling on n moral of nitrogen in Itolh drainage water ami cropn 
fMiile the nitrogen in the erojis alone nuiy rot lx; an ade(|uate gunl 
to the effect of lime on the soil, the nitrogen in the crops added to that i i 
the drainugi; wafer from the same tanks is perhaps somiiwhat more com 
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prt'lu'nsive. Those data are given in table 14. It is apparent from this 
tahle that the application of lime to this .soil results in an incrc'asod 


It. XiTROOEN i.v Both Drainaok Water a.vd Crops, CALceL,\Tf;D to Poinus 
PER Acre in A’eari.y Periods 


Tank 

Burnt 

lime 

(iwunils) 

Nitrogen in both drainage water and cr. p 
(pound.s per a'-rc) 

Oat.s 

IDl.t 

Pea.s 

I'.Ud 

Milize 

Oats 

lOlfi 

Bariev ! 
PI17 

Total 


Xone 

.3,000 

1 

1(1 o;i 
57 -1(1 

7t t7 
in 1(1 

41 7S 
51 (i7 ! 

‘2i\ '.Hi 
M 

23 51 
2S 10 

215 75 
2S0 20 


removal of nitrogen in th<‘ combined cro)) and drainage water. Tliere 
would si'cm to Ih! little doubt, in view of the <lata jiresented in t!ie last 
tliHM' tables, that the effect of lime on this .soil is to increase nitrate 
formation. 


liEE.VTIOX OF DIFFEttEN'T CltorS TO FOU.M.\T10\ OF .VITll.ATES 
It lias been noted that the exiK'rimenls with Dunkirk soil indieated 
certain rather definite relationships Indween ((‘rtain kinds of jilants and 
the formation of nitrates. .\ similar relationship appears to I'xist in the 
e\]ieriinents with Volusia soil, as may be st>en in the d.ala given in table L'l: 

l.t'il,!; 1.'). .Vvaii.ahi.e N'itrooe.n in .Soii. PuDnrci.vu Don rest CruP'., as Measi'RED 
iiY THE N’itrooen oe THE Chkp and he the Uu.MNOii. Water 
(111 pi'Uiid.s p<-r arrci 


N'itriip ii ill pl.'iiitisl lank.s 
(aMTaBO of laiik.s I.t aiiil l.‘i) 


Crop 


OaK (im:ii 

fim n 

(im.o 

CaK (lUlCil 
Parley (PM 7) 


In 

drainage 

water 

In 

tnp.s 

In 

roots* 

1(1 


13 

I’J 

.SI 

37 

15 

3J 

II 

t 

3.3 

s 

4 

■J1 

7 


I. tinriD.,1 :il iine-t (tint tlip qiialltlty III toiw. 


I XilroKUliii 

'drainage water 
III liare tank.s 
(ii\ i-ragi' 
of tanks 

I I and I til 


SI 

IJ 

I.> 

C' 


I Km’c.ss ( 4 ' 
:iir drfn’ii’nrv 
( in ■ 
planted 
tanks 
I 
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Estimating the nitrogen in the roots of each crop to amount to one- 
third the quantity in the alx)ve-ground part, it will lx; seen that the nitrogen 
in the oat crop added to the nitrogen in the drainage water from the tanks 
on which that crop grew was less in amount than the nitrogen in the drain- 
age water from the hare tanks for the same }x;riod. The same was trur 
of barley, hut it was not true of maize or of peas. The excess of nitrogen 
from the pea tanks can douhtle.ss lx; ascribed to the nitrogen-fixing prop- 
erties of Bacillus radicicola in the nodules of the pea roots. The exce.-^ 
nitrogen from the maize tanks mu.st lx; ascrilxxl to some different phenom- 
enon. It has lieen suggested^ that some plants have the property of 
depres.sing the formation of nitrates, and that certain plants pcs.se.ss thi- 
property to a greater degree than do others. The data here presented arc 
in line with such an hypothesis. 

REMOVAL OF CALCIU.M 

Calcium was removed in the <lrainage water to a much greater extent 
than was any other of the bases determined, l)Ut in relatively small amounts 
by the plants. .V comparison of the calcium in the drainage water of the 
Dunkirk and \'olu.sia .soils shows that tin; latter lost more calcium I ', 
leaching than dul the former, in spite of the fact that this soil contiiinci 
only aljout two-thirds as much of that element iis did the Dunkirk .'■ml 
On the other hand, the crops grown on tin; N’olusia sod contained Ic" 
calcium but the yield of crops w:is much smaller. The total rrm«)val "i 
calcium from the \'olusia soil, from IxHh planl(;d and implanted tank', 
was greater than that from the Dunkirk. 

Effect of plant growth on removal of calcium 

In the experiments with Dunkirk soil it wits found that leas calciii ii 
was removed from the planted soil in crop and drainage water combin' i 
than was found in the drainage aloni; from the unplantial soil. This -- 
true al.-'o of the Volusia soil, as may lx; stH;!! from table 16; 

* T LvttlfUjn, ami James A. Horoe relationa of certain higher planto to lh« format! 

of nitrates m soils. Cornell Uruv A«r Exp. Memotr l.t Ui lUEi. 
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TABLE 16. Avebaob Annual Removal of Calcium fbom Planted and from Unplanted 

Tanks 

(In pounds per acre) 


Tanka 

Soil treatment 

Calcium removed in 

Total 

calcium 

removed 

1 Drainage 
water 

1 

Cropa 

];{ 1,') 

Planted 

Bare . ... 

256 4 
351 4 

8.7 

265 1 
351 4 

It! ir. 

rulciurn con-served by croDoinR 

86 3 


1 lu‘ process of cropping consorve.s the calcivini in the soil even when the 
(•111 ire croi) is removed. The reason for the grejiter removal of calcium 
from tlie uiieropp<>d soil may Ixi found, in part at least, in the large for- 
mation and leaching of nitrates when plants are not present. In table 17 
are >lio\vn the average quantities of nitraU‘s found annually in the drainage 
water of tlie plauteil and the unplanted tanks. 


l.tBLE 17. Averaoe Annual Removal or Nitr.\tb8 i.v Drai.nage Water from Planted 

AND from I’nPLANTKD TaNK.S 



lli(' nitrates in tlie drainage water from the croppexi .soil would account 
'" only about 1 1.5 |K)und.s of calcium, while the nitrati's from (he unplanterl 
S''" eorres[)ond to alxjut .56.5 jxiunds of calcium which might lx* rt'inoveil 
'■ "■ form of nitrate. This wouhl still leave alx)ut 245 pounds of calcium 
^ la i.K )een removed in the draiiuige water from the planted .soil in some 
'""1 other than nitrate, and about 285 pounds from the unplanteil soil. 


or 
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The concentration of calcium in the drainage water from the planted 
and from the implanted soil shows little difference, but this is in the same 
order as its total removal. This may Ire seen in table 18, in which is 
stated in parts per million the average calcium content for the five-years 
period. 


TABLE 18. Aveiuoe Calcicm Contest of Dkai.vaoe Water from Planted and fhov 

I'npl.anted Tasks 



Tank 

1 Soil treatment 

Calcium 

(parts per million j 


j Crop 

Lime 

For 

each tank 

Averan'- 
for crop 
treatment 

13. . 




5’ 3 

54 4 


' Planted. . . 

Limed 

56 6 

14, . . . 
16. . . 


Bare ... 

1 Bare 

Not limed 

Limed 

40 9 
68 0 

58 't 



■ 


- 


The greater loss of calcium from the unplanted soil was not due entirely 
to the greater percolation of water thru that soil, since in that ca.s(' tic 
concentration would not be greater. It would ap|X'ar that the pre.sem r 
of a large amount of a strong acid, such as nitric acid, in the unplanicl 
soil would explain the greater concentration of the calcium in the draiii:ii;i 
water of that soil as compurecl with tlie weaker carlxjnic acid in the plantnl 
soil. 

Effect of limiiuj on removal of calcium 
The application of burnt lihae to the Dunkirk .soil at the rate of 
pounds to the acre m the earlier exfxirirnents did not result in increa.'ini; 
the quantity of calcium in the drainage water or in the ash of the en p' 
produced. \ similar application to the V'olasia .soil in this experiment 
appears to have decreased the amount rcmoveil in Ijoth of these wa\'. 
as may lx* judged from the data presented in table 19; 
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TABLE 19. Calcium in DbaiNaoe Water and in Crops 


(In pounds per acre, annual average) 


Tank 

Burnt 

lime 

(pounds) 

Calcium 

in 

drainage 

water 

Calcium 

in 

crops 

Total 

calcium 

i:i ... • 

None 

2.57 6 

7 40 

2a5 1 

It . ... 

None 

319 4 


319 4 

l.'i 

3,000 

2.5.5 1 

10.09 

2&5 2 

li’i . 

3,000 

3S3 4 


3S3 4 


Tlip figiiros for average annual calcium removal for the entire five-yeai-s 
jK'iind, as given in table 10, show a very large increase in the quantity 
of calcium leached out of the hare limed .soil as comparefl with that from 
the hare soil unlimed; they show also a moderate increase in tJie calcium 
containi'd in the crops, htit they do not indicate any effect from the liming 
on the calcium leached f -om the cropj'K'd soil. The evidence, however, is 
in favor of the conclusion that liming increases the amount of soluble 
calcium in \'olu.sia soil, while it has no .such effect on Dunkirk soil. This is 
hardly to he accounted for by the ahsorlxtnt properties of the soil for lime, 
siia’c N'olusia soil has ;i somt'what higher lime requirement than Dunkirk 
iis determined by the Veitch imUhod. 

The concentration of calcium was appreciably greater in the drainage 
from the limed soil than in that from the unlimed soil, both when planted 
and when kept free of vegetation, tis may lx; seen in table 18. 

Liming to mointoin (he calcium content 
The \'olusia .soil, allho low in calcium, is annually losing a large quantity 
m the drainage water, jiarticularly from tlie vinplanted soil. The removal 
ot calcium in (he msh of crops has Ixx'n small as compared with that in 
the drainage water. If tiie loss of calcium from the limeil soil were to 
be replaced, it would nxjuire an annual application of .536 txtunds of 
pure burnt lime, or 957 pounds of pure lime.stone, to supply the uncroppc'd 
soil, and 371 pounds of burnt lime, or 662 jxmnds of limestone, to supply 
the planted .soil with calcium to the amount removeil in the crops and in 
the drainage water. 
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REMOVAL OF MAGNESIUM 

Magnesium was removed in much smaller quantity than was calcium, 
both in the drainage water and in the crops. In both ways the removal 
was less from the Volusia soil than from the Dunkirk, altho the removal 
of calcium was greater. 

Effect of plant growth on removal of magnesium 
The effect of plant growth on the removal of magnesium is brought out 
b}' table 20. It will Ixt seen that there is a greater loss of magnesium m 


TABLE 20. .A.VERAGE Annual Removal or Magnesium from Planted and fr(im 

Unplanted Ta.vks 
(In pounds per acre) 


Tanks 

Soil 

treatment 

Magnesium removed in 

Total 

magnesium 

removed 

Drainage 

water 

Crops 

13, 1.5. 

14, 16 

Planted. . 

Bare 

30 6 
45.4 

•1 5 

.31 1 
I' 1 

Magnesium conserved bv cropping ... 

11 ; 


the drainage water of the uncropped soil than in Ijoth the drainage ami 
the crops of the planted soil. The large quantity of raagnesimn leaclu <1 
from the bare soil is apparently caased mainly by the solvent action "f 
the nitric acid, as was the ca.se with calcium. 

Not only is the total removal of magnesium greater from the bare tli m 
from the planted soil, but its concentration is greater in the water from 
the uncropped soil, as may be seen from table 21: 
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•TABLE 21. Average Magnesium Content of Drainage Water from Planted and 

FROM Unplanted Tanks 


Tank 

i 

Soil treatment 

i 

Magnesium 
fparts per million) 

1 

Crop 

1 

Lime 

For 

each 

tank 

Average 
for crop 
treatment 


Planted 

Planted .... 

Not limed. . . 
Limed 

6.1 

0.0 

0.3 


Bare 

Bare 

Not limed . . 
Limed 

7,3 

9.2 

8 2 


Kjfrcl (if liming on n movnl (f mngnesiuni 
Thi' I'fToct of limiiiR tho soil wa.s to increa.^e the removal of magnesium 
Ixith in the leachings and in the crops, as may lie seen in table 22. There 


TABLE 22, .Average .Annual Removal of M.aonesium from Limed and from I'nlimed 

Tanks 

tin pounds per acre) 



i 

Magne.'ium removed from ] 


Magno.sium 



pianteel tanks 


leached 

Soil treatment 

Tank 

1 



Tank 

from cor- 



In 

In 1 



responding 



drainage 

Total 

1 


unpLantod 



water 

crops 1 


tanka 

Not limed. . . 

13 

•29 0 

3 06 

32 66 

14 

,39 :t0 

Limed 

l.i 

31 7 

3.93 

.35.63 

16 

1 

51 tV) 


appears to he a basic exchange, similar to that which occurreil in the 
Itiinkirk soil, by which m:vgnesium wa.s lilx'rateil and di.ssolveil by the 
soil water, 'riie concentration of m;ignesium al.so was greater in the drain- 
age water from the limeil soil than in that from the unlimed, as may be 
seen in table 21. 

RE.MOVAL OK POTASSIf.M 

Uotivssuun lURers from tW ot\\eT liases t\\al were delernuned In lire 
Dunkirk soil in that it was removeil in greater quantities by the crops 
than by the drainage water. This was not true of the removal of jxitas- 
•sium from the Volusjia soil. 
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Effect of plant growth on removal of potassium 
In spite of the fact that less |x)tassiiiin wius removed t)y crops than hy 
drainage water in these exix'riments, the total removal of jxitassium was 
greater from the jilunt.ed tlian from the hare tanks. This is entirely 
contrary to the removal of calcium from the same tanks, as may be seen 
in table 23: 


TABLE 2.3. Average A.sn'Cal Removai, of Potassium from Planted and from 

I si’i. A.STKi) Tanks 
tin poumls per aeret 


Tanks 

i 

1 

.Soil treatment j 

1 

1 

removed in 

Total 

p()tiw‘«.''iurn 

removed 

DrainaKe 

water 

i Crop.s 

1 

l:}, 1.) 

Plante,! ! 

^ 7:i -2 i 

i 31 I 

lo; 

14, Ii) 

Bare 

SI 

1 

SI 

Puta-ssium cori.--or vei 1 by not eroppnni 



! ' 


^^'hile the growth of i-rops coi, served th(' calcium in th(' .soil, the sana 
operation increa.'cd the lo's of (lotassiiim. 'I'liere was litth* dilTerem 
in the concentration of iRit.a.'eiiim in the drainage water from the pianti ! 
and from the hare tanks, a.- is shown in ttihle 21: 


T.YBLE 21. .Yvfragk PoTAs..irM Content of Drainaio; Water from Pi,A.NTKr> wa i n a 

I NCl.ANTI.n rsAKs 


Vi 

ir, 

11 

It; 


Soil troalriH iit 

in tirairukKP f 

( part M jKT million 1 

1 

f'rop 

1 1 

Lime 

i 

For 

.\ veraire 

farli 

fur I'riip 

i 

1 

tank 

trofttmcfif 

I'lantod 

Not limetj . 

IS .! 

):• a 

Pl.inie,! . . 


13 C. 

P»ar<- 

N<»t. , 

I.'i 

11 1) 

Hare 

fjfnc'd 

12 r, 

! 
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In respect to the concentration of potassium in the drainage water from 
tlu' hare and from tlie planted tanks, the Volusia and the Dunkirk soils 
arc in accord. It is prohaljle that this is to be accounted for, in part at 
least, by the greater volume of percolate from the bare soil, but it seems 
possible that the i)lant growth effects a solvent action on the soil potas- 
>inin which is indicated by the fact that the total removal of potassium 
in the crops and in the drainage combined is greater than that in the drain- 
age from the bare .soil. 


E^(ct of liming on rcmovnl of potassium 
'riie application of lime to this soil resulted in a dc'crea.se in the quantities 
of potassium contaiiK'd in the drainage water and in the crops. This is 
sh()wn in tabh' 2."): 


T.VRI.K AvKR\(,K .VnVI AI. ItF.MOVAI, OF PoTA'iSIl M FROM I-IMED AND FROM I'XLIMED 

Tank:' 

tin poumts per acre' 


Soil trcatiiHiit 

1 

! 

Tank 

j 

I’lila.v'iiuiu removcsl from j 

pinntisl tanks | 

Potassium 
leached 
from cor- 
re.spondinjt 
unplanted 
tanks 

1 Tank 

In 1 i„ i 

(Irain.ajp' 1 <.r„p< 1 Total 1 

water 1 1 ’ 

\nl iillKsi j ft ! 

t.micii 1.', i 

! i 

■NS li ; tis 1 i.>:i t>s | 1 1 

57 s ;h 1-> on ag i lit 

1 

90 1 
09 9 


1 here is nothing in this experinuml to indicate that the application 
of liiiK' cause(l the lilieration of ]K>ta.ssium. I'he same was true of the ex- 
pi riment with Dunkirk .soil It may be remarked, however, that if the 
applic.ilion of liuK' did liberate any j>ot,as.sium from the surface soil, it 
may liave been absorix’d liy tbe lower layers (tf soil and thus have Iwen 
lenioved from the drain;ig(‘ wat('r 

I lie concentration of the drainage water from the limed and from the 
niiliiued soil does not give any more imlieation of the liln'ration of |Kitassium 
than do the (inantities removwl. The concentration of ixitassium is stated 
ill talik; 2(1; 
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TABLE 26. Potassium Co.ntent'of Drainage Water from Limed and from Unumed 

Tanks 


Tank 

1 

j 

.Soil treatment 

Potassium 
(parts per 
million) 

1 Crop 

1 

Lime 

13 

Piante<l . 

Not lime<i. . . 

IS. 3 

15... 

Planletl. . 

Limed .... 

13 (i 

14 . . . 

Bare 

\ot limed. ' 

15 

16 

I B;iro 

Limed ... 

12 5 


REMOVAL OF .SI LFI R 

Sulfur was recovered in tiie drainage watt'r a.s sulfate, and it is 
significant that the years in wliich the content of sulfur in the drainage 
water was large were tlie .vears in which the removal of nitrogen hy leach- 
ing was large. Drainage water from the V'olusia .soil contained somewhat 
less sulfur than did that from the Dunkirk, but the crops on the former 
soil contained as much sulfur as did those on the latter altho the yield' 
were much smaller. 

Effect of plant growth on removal of sulfur 
There is one respect in which nitrogen and sulfur differ radically in 
this experiment, and that is in the projxirtion removed by crops and b\ 
drainage water, respectively. Nitrogen is removed most largely by tin 
crops on planted .soil, while sulfur is carried off mainly by the drainagi 
water. The figures for sulfur in crops and in drainage water during tin 
period of the e.\pt;riment are given in table 27. The total cpiantity of 


T.ABLE 27. .Sulfcr in Drainage Water a.nd in Crops 
pounds per acre, annual averai^e) 


Tank 

Lime treatment 

.Sulfur in 
drainage 
water 

Sulfur 

in 

rropH 

Total 

sulfur 

13. . . 

Xot lirne<l 

2 

fi li 

tl 

14 

Not limed 

43 3 


t.'i 

lo. . 

Limed 

.T3 7 

10 7 

41 

16. . . 

Limed 

.It) 0 


3!t 
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sulfur removed from the planted tanks is not materially different from 
that removed from the bare tanks. 


Effect of liming on removal of sulfur 

In the experiments with Dunkirk soil the application of lime was ac- 
re mipanied by an increase in the quantity of sulfur in the drainage water. 
Ill the present experiments this was not the case, as may lae seen in 
table 2S: 


T.tBI.E 2S. Average Ansual ItEMOVAt, or .St'lfi r from Limed a.vd from L’numed 

Tasks 


tin pounds per acre) 




1 .Sulfur removiHl from 

1 plantoil tank.s 


.Sulfur 
leached 
from cor- 
responding 
unplanted 
tanks 

Soil treatment 

Tank j 

1 

1 

In 

drainage 

water 

In 

crops 

Total 

Tank 

Not limed 

I.imed 

13 

b'> 

a'l •-> 
ai 7 

!) 6 
10 7 

44 S 
44 4 

14 

16 

43 3 
30 0 


Liming the Dunkirk .soil did not result in an increa.sed formation of 
nitrates but apparently favored sulfofication. .Application of lime to the 
\ olusia soil was accompanied by increased nitrification but h.od no effect 
on the iiroduction of sulfates. This would perhajis indicate that the con- 
ditions favorable to one of these fermentations are not always favorable 
to the other. 


REMOVAL OF PHOSPHORUS 

The Volasia soil, like the Dunkirk, has never furnished more than a 
trace of phosphorus in the drainage water. The data on removal of this 
eh'iiient are therefore confined to the ash anal.vses of the crops. The 
average annual removal of phosphorus tcalculatod to the element P) is 
sbown in table 29: 
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TABLE 29. Phosphorus ih Crops 
(In pounds per acre, annual averaKel 




Phoephorus 

Tank 

Soil treatment 

in 



crops 

13 . . 

Not limed 

9 31', 

15 . - 

Limed .... 

11 l-> 


There is a larger animal removal of phosphorus in the crops grown on 
the limed soil than in those from the nnlimed soil. This was borne out 
by the data for each year, which are given in table 7 of the ap|x'ndix 
(page 92). The yiuir lOlJ wius the only one in which more phosphorus 
did not apitcar in the limed crops. In this respect there was no similar- 
ity between the Volusia and the Dunkirk soil, the latter having shown 
no increase in the (juantity of phosphorus in the crops grown on the limed 
soil. 


DIVEROENT EEFECTS OF LIMING THE TWO .SOILS 

Compari.son of the results of applications of lime to the Dunkirk soil 
with thosf' obtained from the Volasia soil shows some striking differences. 
It will lx; rememliered that the Dunkirk soil cont^iined about .">() jx-r cent 
more calcium in the surface foot than does the \'olusia soil, ami that tlii' 
ratio gradualh' increa.sod with the depth, the fourth f(x>t of the Dunkiik 
soil containing dlO per cent more than the corresponding layer of the 
Volasia. The lime rerjuirement of the two soils by tlie N'eilch method 
was about the same when averaged for the four feet, altho it was slight Iv 
greater in the surface foot of the Volasia. It is eviflent that the liiin- 
requirement as determined is not a measure of the calcium content of thoe 
soils. 

In the light of this information it is interesting to olxthrve the effect of 
liming in order to a.seertuin whether the calcium content or thelime requie - 
rnent is the- Ix-tter guide to the ms-d of the .sejils for lime as expres.s<Hl l-v 
their respon.se in crop yield. The records for the Dunkirk soil show tint 
there was no larger yield on the limed tank.slhan on the unlimed. On tic' 
Volusia soil there was a consistently larger yield on the limed soil ea' h 
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year except the first, and this increase averaged somewhat more than 
12 per cent for the five-years period. The calcium content therefore 
appears to be a better guide to the need of these soils for lime than does 
tlie lime requirement as determined by the Veitch method. The data 
at hand are too limited to admit of generalization, but they may be worth 
further consideration. 

Greater crop yield on the limed Volusia soil was accompanied by more 
nitrogen in the drainage water and also by more calcium. On the Dunkirk 
soil neither of these constituents was found in greater quantity in the 
drainage water from the limed tanks than from the unlimed. It may be 
remarked also that analyses of the soil air a.spiratcd from the tanks, as 
reported in a previous publication,* .showed no appreciable difference 
between the limed and the unlimed Dunkirk soil, but in the Volusia soil 
the carboiwlioxide content ol^the soil air was much increased by li min g 

The fact that nitrate nitrogen in the drainage water and carlxin dioxide 
in the soil air were present in larger amounts in the limed Volu.sia than in 
the unlimed gives evidence that decomix>.sit ion of the organic matter pro- 
ceeded more rapidly when lime wins applunl to that soil. This, however, 
was not the c.a,se with the Dunkirk soil, and there is presented the rather 
unlooked-for situation in which lime incre;used decomposition of organic 
matter in one soil Init did not do so in the other soil. 

A pos.sible explanation for this divergent effect of lime on the two soils 
is suggested l)y the quantity of calcium in their re.sjx'ctive drainage 
waters. As Ix'fore statral, the .application of lime had no effect on the 
removal of calcium in the draiiuige water from the Dunkirk soil, but it 
increased markedly the quantity of calcium removed from the Volusia 
soil. It sei'ins probable tliat by increa.sing (he concentration of calcium in 
th(! soil water, the ammonifying, nitrifying, and other bacteria concerned 
in decomposition of organic matter were affordeil a more congenial en- 
vironment. If liming did not incrca.se the concentration of calcium in 
tile soil water, .os w;us the case with the Dunkirk soil, there was no acceler- 
ation of decomposition. 

Ihis exjx'riment would seem to demonstrate one way in which liming 
niay benefit soils. Certainly a larger .amount of nitrate nitrogen was 
p.i((<l at the disposal of the plants, and the increased decomposition 

Ainer“&,c’, iwun*" JiIlfrT'lO 97-m* 'fuis 0° th* c»rl)on.dioiide content of oil ••ur. 
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doubtless rendered other plant nutrients more available by breaking 
down the compounds in which they wore held, as, for instance, the phos- 
phorus of organic matter. 

SUMMARY 

The object of the cxjx'riments here described was to observe the re- 
moval. by drainage water and by crops, of calcium and certain other soil 
constituents from Volusia silt loam. This soil is a rather unproductive- 
type widely distributed over the hills of southern New York. The ex- 
periments continued thru a period of five years. 

The average annual rainfall for the five yeare was 32.97 inche-s. Of the 
annual rainfall. 27.13 inches, or 82.3 per cent, percolatiHl thru the unplanted 
soil, and 20.62 inches, or 62. .o per cent, percolated thru the cropped soil. 
.\bout two-fifths of the rainfall pa.s.sed into the air frotn the surface of 
the soil and thru the plants growing on it. 

.\pplication of burnt lime had no appreciable effect on the proportion 
of rainfall that percolated thru the soil. Similar experiments with Dun- 
kirk soil reiwrtod elsewhere gave .similar n'sults. Liming t-ither of thesi- 
soils would probably not facilitate the removal of water thru tile drains 

The average evap>transpiration ratio for the cropp'd soils wiis 1:90''. 
the crops lx!ing maize, field [X'as, oats two yt'ars, and barh-y. The averag ■ 
minimum transpiration ratio for the s;ime crops w:i.s 1:1.")1. Bothof the- ' 
ratios were much wider for the Volusia .soil of thesr* exp-riments than foi 
the Dunkirk soil in the experiments previously reported. In this com 
parison the soil having the greater production of dry matter in crops p r 
unit of water used was the one that had the greriter concentration of tot.il 
solids in the drainage water. 

The application of lime apparently favored the production of nitrate- 
in the V'olusia sejil u.sed in these (sxperimenfis, while it had no such efTec 
on the Dunkirk soil. The lime requirement of the Dunkirk soil as detei 
mined by the Veitch rnethoel is very little less than that of the Volu.-'i e 
The percentage of calcium is alxjut one-third les.s in the surface f(K)t of th • 
Volusia. In this case the relative calcium content of the soil is a lx!tli ' 
guide to the need of the soil for time than is the lime requirement as detci 
mined. 

The amount of nitrogen in the maize, allowing for that in the roots, add' 1 
to that in the drainage water from the .same tank.s, was greater than tli 
amount in the drainage water from the correspmding bare tanks; whil 
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in the case of oats the amount of nitrogen in the erop and in the drainage 
\vat('r was less than in the drainage water from bare soil. The same 
K'lation hold with the Dunkirk soil. 

The (juantity of calcium in the drainage water of the unplanted soil 
was greater than that in the crops and the drainage water combined from 
th(‘ cropiied soil. Therefore the process of cropping conserves the calcium 
in the soil even when the crops are removed. This may lx; accounted for, in 
l)ai t at least, by the large formation and leaching of nitrates from bare soil. 

.Vpparontly the application of burnt lime to the Volusia soil increased 
tlic amount of soluble calcium in that soil, but this was not the case with 
th(' Dunkirk soil. The Volusia soil has a greater lime requirement and a 
low('r calcium content than hits the Dunkirk soil. 

Fo keep the soil supiily of calcium up to its present amount would re- 
quire an annual application of 536 jxiunds of pure burnt lime, or 957 
pounds of pun' limestone, to supply the bare soil, and 371 pounds of burnt 
lime, or 662 [X)unds of limestone, to supply the planted soil. 

.Magnesium was present in the drainage water in much smaller quantity 
tlian was calcium. .Application of lime to the soil increasetl the quantity 
of magnesium in the drainage water. Cropping dccn'jisctl the removal 
of magnesium from the soil. These relations were the sjime as for the 
Dunkirk .soil. 

Po'assium was remove<l in larger quantity in the drainage water than 
in tlie eroi)s, in wliich res|x'ot the Volu.sia soil dilTered from the Dunkirk 
soil. It agreed with the latter, however, in that the application of lime 
ilid not increasi; the quantity of {xitassium in the dniiiiiigc water nor in 
1 he crops. 

( ropiiing did not materially affect the total removal of sulfur from the 
■soil. .Vpplications of lime resultetl in a slight decrease in the sulfur re- 
moved in the drainage water. With the Dunkirk soil, applications of 
lime incn'iused the amount of sulfur reinoveti in the drainage water. 

Phosiihorus was prm;nt in the drainage water only in amounts too small 
to !)(' determined. Applications of lime increasetl the removal of phos- 
phor us in the, crops. With the Dunkirk soil, applications of lime diil 
not iiiereii.s e the removal of phosphorus in the crops. 

M. m.iir Thr Crimr-Flut of Nno York. Pnri II BuJoffD mvl' Pkylogmi/, th« third prtwdin* number 

ns serii's of publiratiorw, wfw rnaiiodon July 1H, 1921. 

. i"""ir Thrdmetu- Kobitumr ofnmt Calorr •» .VatM, the Kcond pnwedinc number in this •eriei itf 
I'lmiir.ith.iis, wiw iniiilod on July 10, 1021. 
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APPEXniX 

TABLE 1. Crop Yields from Ltsimeteb Tanks 13 a.vp 1/> di rino thr Pf.riod from 
1913 TO 1917, Expres^f.d as Dry Matter 


A'ear 

j Tank j 

1 ■ 

t 1 

! i 

Crop 

Per tank 

! 

Per acre 


! 

, Grain Cob 

j (■prams 1 j (jtratns) j 

i ! ! 

Straw, 
stover, 
or vines 

1 (irrainsi 

1 Grain 
( bushels )j 

Cob 
( tons) 

Straw, 
stover, 
fir vims 
ttoii- 

1913 

13 , 

Oats 

1 1 
1 I 

:m -2 : 

i 

303 3 

6.' 4 i 


0 v; 


13 

Oats 

' :v.i7 :> 1 

.*> 

37 S i 


0 :s 

1914 

' 13 

!Vas 

93 li , j 

-4:>i 1> : 

S S j 


1.1 


13 

Pea-i 

17J 9 


13 S i 


I .;| 

1913 

13 

Maize 

31 i> 22 3 

7 16 3 ^ 

3 0 

0 06 1 

2 (13 


; ' 

Maize 

IJI I't t'lN t 

Sil N 

11 9 

1) IS 1 

J9 

1916 

: 13 

Oats 

iNt S 

7 

31 It 


1) 7J 


^ 13 

( )at.s 

IM (1 

.'93 3 

31 0 


0 Nil 

1917 

13 

Barley 

11' t 

161 

17 n 


(1 11 


! 13 

Barley 

191 0 

.'1.' 1) 

-M N 


(1 3' 

TABLE 2. 

Flow of Urainaok Y'\tir irim I.t 

'IM> IKK I'WK' 13 li 

) li; f ROM Mm i , 




1913, TO AfRK. •'!<), 19lN 





'In litcr- 


Year ami month . 

I 

1913- May | 

June ! 

July , . I 

Au(?U3t i 

S'eptf"nli(;r 

Oftober 

November 

December I 

19 14- January | 

February . ! 

March . I 

April ' 

Totals I 


Tank 


13 

I 1 

13 

1*1 

3ti N 

71 

70 1 1 

7J '' 

2 1 

31 0 

.3 3 1 

.,•1 , 

0 0 

3 6 , 

f) ,s ! 


0 1 

0 S 

0 0 j 

t) M 

17 ti 

72 0 • 

0 .S 

iu 

37 6 

IJl 0 , 

36 1 ' 

'JJ " 

91 6 

113 2 

79 3 ! 

M* 

19 2 

.31 0 j 

41 s : 

-tl 

S7 6 ■ 

90 ,S 

116 0 ' 

i.v; i 

■27 2 

31 2 1 

3s 0 : 

10 ' 

139 2 

311 6 . 

306 ,S 

1) 

L' -.'O .S 

2SS 4 : 

313 3 

1 !'* : 

7.30 1 

1,10S s 

■SOI 6 i 

92 \ ' 
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TAHLIC 2 (e:mlinued) 


Voiir jind mouth 

13 . 

14 

15 

10 

1 111 .Mnv 

102 1 

130 0 

98 4 

100 0 


21 S 

o9 2 

22.4 

65 6 

Julv 

0 0 

23 2 

0 4 

16 8 

AllL'IlSt 

5 I) 

220 0 

0 0 

152 0 

Si'pt(‘riil)i’r 

! 17 f) 

04 0 

3 2 

87 2 

{ )cti'l>fr 

0 0 

2 1 

0 0 

0 0 

Xii\<*mb(T 

0 1 

19 2 

0 0 

4 0 

I)f‘(‘oinb(T 

i 2S -1 

o.j 2 

15 6 

57 2 

l'll."-,I;inuarv . 

1 221 0 

•27S 0 

240 8 

285 2 

I'i'liruarv 

224 0 

179 2 

339 0 

304 0 

M.-irrh 

5 2 

2 4 

12 0 

3 2 

April 

•> () 

1 0 

3 2 

1 6 

Tiitiilfl 

(•..T) f) 

1,034 4 

741 6 

1,076 8 

I'll'i Mav 

IS 0 

2.) 2. 

14 4 

31 2 

iluju* 

77 2 

S.5 0 

03 2 

66 8 

Julv 

212 0 

•202 0 

1S3 6 

234 0 

Aui'ii't 

20 S 

111 S 

10 0 

94 4 

>rptErui)('r 

11 4 

7.) 0 

6 0 

52 8 

( h tolxT 

1 10 s 

17S 0 

111 2 

144 4 

Nn\ citlbcr 

■JO 2 

43 0 

20 4 

30 8 


00 2 

07 2 

50 0 

66 4 

lltlii-.I.inuHrv 

00 1 

so 1 

72 S 

73 6 

lA'Iiniarv 

1 S 

S 0 

0 4 

0 2 

Miirvli 

Of) s 

1 13 0 

109 0 

1.37 0 

April 

2 ;is s 

2(')S 1 

ls7 0 

178 4 

'riital'i 

1,0.-) 1 1 

1..3S,S 4 

817 2 

1,115 6 

!'*!'> Mav to .luiU' ”) . 

ll'iO 0 

105 0 

100 1 

111 8 

.Iu!\ 

i 


1 


\lU'lls| 

211 0 

451 S 

•221 0 

306 0 


i 


, 


< tctoljcr 



i 


' iiiIht 



1 

i 

I rtiibcr 


7'J S 

S:') 2 

; 05 6 

.I.uni.ir\ l.'j 


! 



J.iiiiiar\ 1(1 



i 

1 

1 I'liriiurv 




( 

M'lrrli 

' 102 1 

1 12 .s 

130 0 

: 132 8 

\pril . 

1 

1 

1 



Tcitalu .... 

1 010 s 

1 S30 0 

j 539 0 

079.2 


O O OO O Ol o O O'! O 
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TABLE 2 (concluded) 




Tank 


Year and month 






13 

14 

15 

16 

1917-May . 

178 8 

194 8 

171 6 

172 

June 

282 0 

345 6 

228 0 

330 

July 

46 8 

80 8 

39 6 

S3 

August 

268 4 

296 4 

214 0 

31 s 

September. . , . .. 

48 8 

62 4 

57 6 

61 

October 

203 2 

219 6 

186 0 

216 

November 

24 0 

20 0 

22 4 

17 

December 

15 2 

17 f. 

24.8 

21 

191S- January . . ... 

0 4 

0 0 

1 2 

0 

February. . . . 

0 0 

64 4 

50 8 

tVJ 

March 

32 0 

73 f) 

29 2 

66 

April 

192 S 

143 2 

152 8 

ItJ 

Totals. 

1,292 4 

1,.')18 4 

1 , 178 0 

1 ,4n6 

Grand totals , . 

4,. 379 6 

.5,. 88(5 0 

4,10S 0 

5,2S2 


TABLE 3. Flow op Dbai.vaoe Water from Ltsimkter Tanks 13 to Hi prom Mai I, 

1913, TO April 30, 191S 
On acre inches) 


Period 

i:: 

Tank 

1 1 1 15 

16 

May 1, 191.3, to April 30, 1914. . . 

I S 2.3 

26 91 

19 48 


May 1, 1914, to April 30, 1915. . 

15 11 

25 13 

18 02 

26 

May 1, 191.5, to April .30, 1916. . . 

25 62 

3.3 74 

20 59 

27 

May 1, 1916, to April .30, 1917. . . . 

1.5 72 

20 .31 

1.3 11 

16 

Ma> 1, 1917, to April .30, 1918. . . 

31 40 

36 90 

28 62 

.36 

Average annual percolation ... 

21 28 

28 m 

19.96 

2.5 
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table 4. Mbteobological Records at Ithaca, Mat 1, 1913, to April 30, 1918 

Data by months 


Year and month 

Rainfall 

(inches) 

Temperature 
(degrees Fahrenheit) 

Hours 

of 

sunshine 

Average 
hourly 
velocity 
of wind 
(miles) 

Mean 
humidity 
of air 
at 8 a. m. 
tper cent) 

Mean 

maxi- 

mum 

Mean 

mini- 

mum 

Mean 

nUO-May 

3.15 

66.2 

44 5 

55 1 

286 9 

9 8 

73 

June 

2 00 

78.6 

.51 4 

65 0 

312 2 

7 5 

68 

July 

1,59 

82.5 

68.2 

70 1 

.301 7 

8 4 

69 

August 

1 92 

,82 0 

57 2 

69 6 

.304 2 

8 2 

71 

September 

3 '28 

73 0 

49 2 

61 1 

219 7 

8 1 

76 

October 

3 63 

61 3 

45 1 

.53 4 

1.52 5 

9 4 

86 

Xoveinber . . 

2 21 

51 5 

35 .8 

43 6 

101 5 

11 9 

81 

I)*‘ 0 ember 

1 94 

;19 8 

25 3 

32 6 

81 9 

10 0 

33 

101 t-Januarv 

1 .37 

3.3 7 

19 3 

26 5 

55 . 7 

13 8 

85 

February . . . 

1 62 

27 0 

.8.5 

17 8 

151 4 

11 6 

82 

March 

1 90 

.39 1 

21 .3 

31 7 

111 7 

10 3 

82 

April 

1..3-) 

51 1 

33 1 

12 1 

111 8 

11 6 

78 

Mav . 

3 63 

71 1 

47 .5 

.59 3 

•297.7 

8 1 

71 

June 

1.75 

7() .") 

51 5 

65 5 

.301 2 

8 .5 

74 

July 

1 89 

,81 2 

.59 2 

70 2 

230 8 

7 0 

78 

August 

6 10 

St) 2 

.58 2 

69 2 

•208 4 

7 0 

.80 

September . 

1 96 

71 1 

18 2 

.5!) 6 

2.5.5 2 

7 6 

82 

October 

1 38 

63 6 

13 9 

.51 .8 

212 5 

8 7 

86 

November 

0 68 

46. 1 

.31 1 

38 8 

111 9 

12 5 

78 

Oecernber 

2 70 

.3 2 9 

19 1 

•26 0 

73 .3 

10 1 

.82 

lOlo-January 

5 02 

33 4 

19 7 

26 6 

!)6 0 

10 1 

.85 

February 

1 .8;{ 

37 .8 

22 7 

30.2 

91 1 

11 9 

.86 

March . ... 

0 32 

.37 5 

21 9 

29.7 

18.3 5 

10 9 

.31 

April. , 

0 55 

62 7 

.•19 6 

.51 2 

202 2 

9 0 

70 

Mjiy 

2 14 

61 6 

41 6 

.51 6 

187.7 

.8 1 

74 

June . 

.3 91 

4.1 i 

.51 6 

63 6 

■273,4 

,8 1 

69 

July 

6 18 

so 2 

.58 2 

69 2 

212 .8 

6 3 

82 

.\ugust 

3 70 

75 0 

57 5 

(■>6 2 

171 0 

7 9 

.8tV 

Si'pt ember. . . . 

2 58 

75 6 

.51 1 

61 .8 

2(V1.6 

7.9 

.86 

October. . . 

1 10 

.59 9 

13 7 

.51 8 

1,5 5 .8 

9 1 

.33 

November 

1 10 

17 7 

33 1 

10 4 

107.9 

12 1 


I)«cern!)er 

2 90 

.3.3 i> 

•23 3 

•28 4 

12 6 

12 0 

.84 

I'Bo-Jauuary 

0 81 

to 0 

•2.1 7 

31 S 

73 7 

12 2 

SO 

1 ehnury . . . 

2 97 

.30 1 

13 0 

21 6 

,87 .8 

10 1 

.31 

March 

2 '28 

3) .3 

IS 7 

27 0 

162 5 

10 9 

81 

.\pril 

2 77 

.53 7 

;17 0 

15 1 

131 1 

8 1 

.80 


4.27 

(VS 4 

16 9 

.57 6 

1.89 2 

10 6 

71 

June 

.3, 48 

70 9 

51 9 

61 1 

171 0 

9 .8 

7!) 

•luly 

1 29 

S 

61 5 

71 6 

226 7 

7 .8 

77 

.\ugust 

1 .50 

,83 7 

.5.8 7 

71 2 

231 2 

7 .1 

75 

September 

li 65 

72 .8 

50 9 

61 8 

■23 2 7 

9 .5 

7.3 

* )ctobor 

1 .59 

63 1 

39 6 

51 4 

I SO 5 

9 7 

74 

Xovernhia’ 

1 .53 

46 7 

.31 4 

39 0 

,8,8 5 

10.2 

77 

Iteoember. 

l.Ol 

35.9 

22.0 

•29.0 

99.9 

12.1 

79 
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TABLE 4 (continued) 


1 

Year and month 

1 

1 

Rainfall 
( inches ) 

Temperature 
(degrees Fahrenheit) 

Hours 

of 

sunshine 

Average 
hourly 
velocity 
of wind 
(miles) 

Mean 
humidity 
of air 
at 8 a. m 
(per cent i 

Mean 

1 maxi- 
mum 

I Mean 

1 mini- 
1 mum 

Mean 

1917-Januarv .... 

1 Si 

34 1 

17 7 

25 9 

101 3 

12.9 

31 

February . 

0 70 

29 6 

10 4 

20 0 

99 1 

13 5 

.36 

March. ... 

1 ,j9 

41 9 

i 25 9 

.T3 9 

127 1 

14 2 


April 

1 S? 

.52 4 

! 35 5 

44 0 

140 9 

10 9 

7') 

May .. . . 

' 4 41 

50 7 

40 0 

4S 4 

107 9 

10.6 

72 

June... 

7 3.) 

74 1 

.53 6 

63 S 

167 3 

8.0 

76 

July ... 

3 25 

SI 1 

61 6 

71 5 

2.50 3 

7 5 

76 

August 

S 45 

79 9 

5'^ 5 

69 2 

244 3 

7 5 

.30 

September . 

O O) 

69 9 

47 2 

.5.3 6 

231 2 

7 6 

Si 

October . 

4 S4 

53 6 

.36 7 

4.5 2 

77 3 

10 8 

.31 

November 

0 M 

43 3 

26 4 

.34 3 

9.3 6 

9 6 

.31 

December . 

2 4S 

26 9 

10 7 

13 3 

72 2 

12 1 

S-J 

1918^January 

1 .S3 

22 0 

6 S 

11 4 

127 0 

10 9 

79 

February 

1 4S 

.35 0 

13 7 

24 4 

104 3 

14 6 

4 4 

March 

2 .5S 

4S 2 

25 3 

.36 3 

173 6 

11 3 

73 

April. . . 

1 3 54 

56 3 

.T5 2 

■15 3 

171 2 

10 3 

7”) 


Average of each month 


Month 

1 

! T<- 

1 Idegre 

Rainfall • 

finche.s) ; Mp^n 

1 maxi- 
1 mum 

mp<’rature 
es Fahrenheit) 

Mean 

mini- Mean 
mum 

Hours 

of 

sunshine 

1 

.\vcrage 
hourly 
velocity 
of wind 
j fmile.s) j 

Mean 
humidity 
of air 
at 3 a. tn 
j fi«;r cent 

May 

3 .53 

64 3 

44 1 

54 5 1 

' 213.9 

9 5 

7- ■ 

June 

4 .30 

, 75 2 

52 6 

63 9 

'249 1 

8 4 

7'i . 

July 

2 34 

32 2 

62 1 

71 2 

245 2 

7 4 

7t’. 

Augu.st 

4 .33 

80 2 

.53 0 

. 69 1 

242 9 

7 6 

7'' 

September 

3 If 

72 .5 

49 9 

; 61 2 

•2'23 5 

8 1 

79 

October 

.3 11 

60 3 

41 9 

i 51 1 

1.55 3 

9 6 

s: 

November 

1 2.3 

47 1 

31 6 

1 39 .3 

100 7 

11 .3 

79 

December 

2 21 

.33 8 

‘20 1 

26 96i 

74 6 

n .3 

SJ 

January 

2 17 

32 6 

17 4 

2.5 0 

91 0 

12 0 

,S_’ 

February 

1 72 

31 0 

13 7 ! 

.>> u 1 

l(j7 

\f 

S ' 

March 

1 73 

40 4 

23 2 

.31 3 

iris 7 

11 .5 

79 

April 

t 

2 r/) i 

1 

55 2 

.36 1 

45 7 

1.53 5 j 

10 0 

7.'i ' 
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TABLE 4 (concluded) 


Data by years 


Year 

Total 

rainfall 

(inches) 

Temperature 
(degrees Fahrenheit) 

Total 
hours 
of sun- 
shine 

Average 
hourly 
velocity 
of wind 
(miles) 

Mean 
humidity 
of air 
at 8 a. m. 

( per cent 

Mean 

maxi- 

mum 

Mean 

mini- 

mum 

Mean 

Mav 10L5, to April 1914 

2S 96 

.57 2 

as 5 

17 4 

2,281.2 

10.1 

77 8 

M:iv 1914. to April 191.") 

30 SI 

57 9 

as 8 

4S 3 

2,266 8 

9 3 

79 6 


3.5 77 

.5.5 7 

37 9 

46 8 

1,815,2 

9 5 

80 5 

Msv 1911), to April 1917 

26 26 

.57 1 

.37 9 

47 5 

1,940 6 

10 7 

77 3 

May 1917, to April 191S 


.53 9 

34 6 

41 3 

1,.S27 7 


77 8 


T \ULE ■). ScnsTANCEs Contained in Drainage Water, in Parts per Million 



Tank 

1.3 

11 

15 

16 

1913-14 


TOTAL 

SOLIDS 


M.tv 1 -.September .30 

246 

311 

237 

422 

Oi'tohiT l-,4prit 30 

177 

2-20 

199 

310 

1911-1.5 





May 1 September 30 

241 

24.5 

2>3 

370 

October 1 -April 30 

200 

179 

184 

252 

191.5-16 





Msy 1 -September 30 

362 

271 

309 

.363 

October 1 -.\pril 30 

260 

2-28 

•263 

292 

1916-17 





-May 1 -.\pril 30. . . . 

296 

270 

225 

.353 

1917-18 





M.iy 1 -April 30 

28t5 

.399 

29.5 

306 

\ \ 1 rages 

251 

•262 

254 

33;i.6 

191.3-14 


NITR VTES 


Man 1 September .30 

40 0 

t)6 0 

42 0 

116 0 

0' tober 1 April 30 .... 

8 7 

50 8 

19 2 

68.3 

1914-15 





Man I September .30 

6 0 

;io 7 

14 6 

55 4 

October 1 April .30 

7 6 

22.9 

»> 

42 2 

, 191.5-16 





-Ml. 1 SepPunlier .30 

20 0 

42 0 

25 .3 

i37 3 

O' tobi-r 1-April .'10 

8 0 

IS 5 

7 8 

27 3 

,, 1916-17 





-May 1 .\pril ;i0. . 

6 5 

.36 0 

5 8 

60 0 

,, , 1917-18 





'•ay 1-April .30. . . 

3 0 

20 5 

.3 0 

25 0 

.\Yerages 

12 .56 

.15 93 

17 48 

56 44 
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TABLE 5 {continued) 


Tank 



13 

i 

15 

10 

1013-U 


BI CARBONATES 


May 1-Sept. mber 30 .... 

170 

197 

109 

213 

October 1-Aprii 30 

142.3 

120.8 

153.8 

14(;.,S 

1014-1.5 





Mav l-Septembcr 30 . . 

170 

163 

168.75 

207 

October 1- April 30 

101 1 

131.5 ' 

127 3 

1:55 

1915-lG 





May i-September 30 

200 

171.5 

226 5 

251 

October 1-Apri! 30 

212 5 

153 

201 5 

20t. 5 

lOltMT 





Mavl-April30 

244 3 

194.5 

288.8 

24r, s 

1017-lS 





Mav 1- April 30 

■ 2.V) 

217 

280 

2.3 1 

Averages 

194 4 

f 109.29 

201 90 

2(0i 111 

1913-14 


5ULF.VTES 


May l-Septeraber 30 . . . 

23 

3.3 

:}9 

’u 

October 1-April 30 

22 S 

15.9 

18.3 

15 5 

1914-15 





Mav l-September 30 

10 6 

7.1 

13.9 

N 0 

October 1-April 30 ! 

17 2 

23.4 

12.2 

It .5 

191.5-10 ! 





Mav l-September 30. . ! 

! 30 0 

22.6 

'>> 4 

2.’ 0 

October 1-April 30 . 

.34 S 

26.3 

.i3 0 

23 n 

1910-17 





May 1-April 30 

.'54 5 

27.0 

:54 5 

27 0 

1917-lS 





May 1-April ^lO 

1 21 5 

16.3 

19 1 

I'l 2 

Averages 

25 05 1 

1 ‘ 

21 10 

24 09 

j ; .I'l 

1913-14 


HILICA 


May l-September 30. 

, 5 6 

6 3 

5.8 

t; .s 

October 1 -April 30 

7.1 

5.9 

8.4 

s 

1914-15 





May l-September 30 . 

6.6 

9.4 

6.4 

12 0 

October 1-April .'50 

6.0 

4.5 

5.5 

1 

191.V 10 





May 1-, September .'50. . 

« 9 

8.0 

8.6 

III 

October l-.\pnl .'5t) 

5 5 

4.9 

7.6 

.5 

1910-17 





May 1-April 30 ... 

9 0 

8.7 

10.3 

7 

19 17- IS 





May 1-April 30 

11 S 

1 

11 4 

10 3 

III 2 

Averages 

7 61 

7 39 

7 74 
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TABLE 5 (continued) 




Tank 



13 

14 

15 

16 

1913-14 

A i \ 1 St-pteiiiber 30 

None 

PHOl 

None 

8PHATES 

None 

None 

(!, i.iIh t 1 April 30 

1914-15 

1 Si pfpmber 30 

1 Trace 

Trace 

None 

Trace 

OrtnluT 1 -April 30 

Trace 

Trace 

Trace 

Trace 

1915-16 

M:i\ 1 September 30 

None 

None 

None 

None 

Oi t ibi-r 1 April 30 

None 

None 

None 

None 

1916-17 

M:i\ 1 April 30 

Trace 

Trace 

Trace 

Trace 

1917-18 

1 -April 30 

None 

None 

None 

None 


1913-14 CALCICM 


M:i\ 

I S pteniber 30 . . . . j 

38 5 

56 3 

40.9 

70 8 

()( toluT 1 -April 

4-> 2 

49.8 

49.7 

62 4 


1914-15 





Man 

1 -Scpteiiiltcr 30. . . 

46 1 

49.0 

47.5 

77.2 

Oct'ihi r 1 April 30 . . 1 

6,> 3 

37.8 

43.8 

52.8 


1915-lf) 1 





Ma\ 

1 Si'ptcnibcr 30 . . . . I 

52 8 

50.8 

64.7 

71 0 

()i tolxT 1 April 30 

49 3 

41.0 

50.1 

62.1 


1916-17 






1 -April .'«) ... 

58 1 

52.9 

71.7 

77 5 


1917-18 






1 April 30 

.56 6 

54 2 

63 1 

64 4 


.\vcruges 

1 51 12 

48 99 

53 95 

67 28 


1913-14 


MAO?WIUll 


M.i'. 

1 Si'pt ember 30. 

1 5 8 

7.6 

1 6.8 

1 9.0 

(Icti 

'i'T 1 April 30 ... 

6 3 

6.7 

6.9 

1 9 4 

M p. 

1914-15 





1 >'(*pt<‘rnlM>r ,'tf) . 

5.6 

6.0 

6.0 

9.2 

( If 

'"-1 April :» . 

4 5 

4.2 

8.6 

5.4 

M - 

191.5-16 





1 Srpteiiiber 30 

7 8 

7.6 

7.9 

3.6 


1 April :«) 

6 7 

5.1 

8.3 

8.1 

M : 

1916-17 





■ ' .'pnl 30. . . 

6 6 

8 5 

9.6 

11.0 

-\i . 

1917-18 





1 .\pril 30. . . 

5 8 

6.1 

7.1 

7.9 



0 15 

6.48 

7.04 

9 22 
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TABLE 5 (concludtd) 


Tank 



13 

14 

15 

10 

1913-14 


POTAj«U'M 


Mav 1-September 30 

13 4 

9 5 

11 .3 

1.1 S 

October l-April 30 . . . ... 

S 3 

S 3 

0.1 

7 1 

1914-13 





Mav 1-September 30 

10 1 

10 9 

11.5 

IJ 2 

October 1-April 30 

.s 9 

.8 0) 

5 0 

*i 0 

1915-10 





May 1-September ;10 . . 

7 

31 0 

30 7 

17 2 

October 1-April 30 

l.s 9 

13 .s 

14 .3 

11 

1916-17 





Mav 1-April 30. . . 

■22 0 

IS 7 

17.4 

11 1 

1917-lS 





May 1-April 30 

•> > •> 

IS f, 

10 7 

1.') 1 

Averages 

17 to 

1 1 '1 

13 S7 

11 '.1(1 

1913-14 


^ODITM 


May 1-September 30 . . 

1') 0 

1 9 

11 .3 

m 2 

October 1-Apnl 30 ... 

22 0 

33 5 

31 0 


1914-15 





May 1-September 30 

17 5 

13 9 

13 7 

io : 

October 1-April 30 

22 

17 9 

17 S 

l.’i 2 

191.-)- 10 





Mav l-September 30 

•31 5 

19 S 

19 9 

'JM 7 

October l-April .30 

JO 0 

is 9 

31.9 

1' '1 

1910-17 

May 1-April .30 . . 

l'^ 1 

13 7 

IS 5 

1 1 0 

1917-l.S 





May 1-April .30 

1 ^ 7 

11 1 

10 9 

1.1 7 

Averages 

J) 

P> § 1 

IS 35 

]•■ Ti 

191.3-14 


r \R iOV VTK'J 


May 1-September .30 . . . 

X'lllC 

\orH* 

None 

\'(ine 

October 1-April 30 


N'nn«‘ 

Xone 

\oliU 

1914-15 

May l-September .30. 

.3 ( ■►s 

T race 

T race 

1 1'-’ 

October 1-Apnl 30 

None 

Xon«* 

None 

.\nlie 

191.-,-10 

May l-.September .30 . ... 

7 0..’ 

0 40 

None 

7 37 

October 1-April 30 

7 .M 

4 11 

9 31 

1 no 

1910-17 





May 1-April 30. . 

Non • 

Xorif’ 

None 


1917-18 





May 1-April .30 

\onf* 

None 

None 


Averages . 

'2 30 

1 35 

1 10 

.' i.'i 
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table 6. Substances Contained in Drainage Water, in Pounds per Acre 


Tank 



13 1 

1 

1.5 

16 

lOlS-M 

M,;v ! -Sopt ember 30 

October 1-April 30. 

iOl 1 ! 
<)-j6 7 1 

TOTAL 

200 2 
1,1.33 0 

SOLIDS 

07 0 
790 7 

387 9 
1,293 7 

T')taL. ... 

nw .s 

1,4;« 1 

894 .3 

1,681 6 

1014-13 





M, IV 1 -September 30. 

lOS 0 

000 4 

1.52 0 

857 9 

Octulier 1 -April 30 

.',.3 4 4 

.5.30 0 

02.5 4 

909 1 

Totals ... .... 

7.33 3 

1,200 0 

777.4 

1,767 0 

101.3-10 





M iv 1 -September 30 

020 0 

ss.> V 

471 0 

9.5.8 4 

October 1-April .30 

OOS 1 

O-.K) 0 

.820 0 

1,023 9 

Totals - . - 

1 ,.',0.S 0 

j ' .■Ss l 7 

1 l.bW 9 

1,982,3 

1010-17 


j 



Mav 1-Apnl 30 . . 

1 .OM 0 

j 1 .243 7 

; 900 2 

1 1,322.6 

1017-lS 





Mav 1 April :i0. .. . 

2.02S 0 

, I .Ost', .5 

i 1,914 0 

2,505.3 

Vrearly iwt'rages 

1 ,23.5 0 

; i,.5ioo 

1.170 1 

i 1,851 7 


1013-14 NITRATES 


Mav l-SepteinlxT iK) 

Ottobcr l-.\pril 30 

10 .5 
32 4 

0 2 .8 
2til .8 

17 1 
70 .8 

106 3 
285 1 

Total' 

48 0 

324 0 

03 0 

391.4 

101 PI.', 

. 


0 0 

128 4 

Mav l-S('ptciuh(T 30 

4 9 

.83 7 

Octolnr 1 April 30 

20 1 

07 7 

iO .> 

90 9 

Totals 

2.5 3 

1.51 4 

80 4 

219 3 

101.5-10 




151.2 

Mav I September 30 

42 9 

137 2 

.38 0 

Octal, (T 1 .\pril .'JO . . 

•29 .8 

,81 0 

21.5 

05 7 

'I'et.iL 

72 7 

21.8 2 

(xJ 1 

246 9 

1010-17 




224 8 

^^'iv ! April iU) . 

2.3 1 

10.5 8 

17.2 

,, 1017-1.8 




204.4 

•Mac 1 April iiO . 

■20 9 

171 3 

It) 3 

' arly averages 

.38.2 

1 

I 

li 

55 S 

257 3 
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TABLE 6 (continued) 




Tank 



i 

> 13 

11 1 

1.3 

10 

101.3-14 


DIC\RUON’ATES 


Mnv 1-Sepfeniber :30, . .. 

71 0 

137 3 1 

09 4 

1 I'l", ti 

October l-April .30 i 

.327 9 

0,3.3 .3 

01.3.7 

1 OlJ 1 ; 

Totals. 

.399 .3 

.310 .3 

1 

1 

Sl)^ _> 

May 1-September .30 

110 .3 

11.3 2 

11.3 1 

17'i ‘1 

October 1-Apnl ;30 

430 3 

3M* .3 

1:12 .3 

M 1 

Totals 1 

.370 .s 

.331 7 

547 (> 

'.".7 l| 

lOl.j-lO 





Mav 1-September 30 

417 0 

rm .3 

3 1.3 9 

r>t 1 ’ 7 

October 1-April 30 

791 .3 

070 3 

o;i2 .3 

i 7.1 1 

TotaH ... 

1910-17 

1. 20S .3 

1,2:10 S : 

973 7 

i,.n; ^ 

-May 1-April 30 ... 

.070 0 

.39.3 9 

. 3.3 .3 0 

ojt : 

1917-lS 





May 1-April 30 ... . 

1,.S11 9 

1.3119 1 

.317 2 

! i.or, 0 

Yearly averages 

1.012 S 

1.123 1 

977 4 

i l..’nii ■, 

191.3-14 


SILFATES 


May l-.September .30 

9 .3 

.31 1 

1.3 9 

1 .7.' 1 

October 1-April .30 

.SI 0 

.HI 9 

73 2 

1 at 7 

Totabs .... 

9.3 9 

113 .3 

.so I 

1170 

10 14-1.') 



j 


Mav 1-September .'10 

.0 ,S 

19 2 

9 .3 

b 1 

October l-Apnl 30 . ... 

4.3 7 

03 .H ‘ 

41 .3 1 

.M 

TotaU 

.31 .3 1 

.SH 0 

.30 0 i 

l/‘ .) 

lOl.VUl ! 

Mav l-.September .'10 .... 

7.3 0 

7.3 .3 

.31 2 

1,11 1 

October l-.Vpnl .'lil . 

129 0 

11.3 2 

103 0 1 

Ml •) 

Totals . . 

■2<0 0 

l.Ht» 0 

1.37 H 

Ml 0 

1010-17 





Mav l-.Vpril .30 : 

1017~1S 

I '^i 9 

1 

123 3 , 

j 

10 2 .3 

ml 1 

Mav l-.\pril 30 

1.32 0 ' 

130 1 

12.3 0 

; 77 (1 

Yearly averages 

12.3 7 

129 9 ! 

101 1 i 

117 1 
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TABLE 6 (continued) 




Tank 



13 

14 

15 

16 

1913-14 


SILICA 


M iv 1 September 30 

2 2 

6 0 

2.2 

6 0 

C)( t('biT 1-April 30 

26 3 

.30 4 

33 6 

37 1 



28.5 

36 4 

35 8 

43.1 

1914-15 





M;iv 1 -September 30 

5 5 

25.3 

3.3 

27 5 

Ocmlier 1-April 30 

17.6 

13 2 

18 7 

19 3 

Tutals 

23 1 

38.5 

22.0 

46 8 

191,5-16 





M:iv 1- September 30 

18 5 

26 1 

13 1 

27 7 

t>ctel'er 1-April 30 

20 5 

21 4 

23 8 

19 3 

Tutab 

39.0 

47.5 

36 9 

47.0 

1916-17 





M. 1 V 1-April 30 

32.0 

10 3 

31.8 

24 4 

1917-18 





MiiV 1 April 30 

83.7 

95 3 

66.6 

83 2 

5 ' ,irlv avcraKes 

1 41 2 

1 

51 6 

38 6 

48 9 

1913-14 


CALCIUM 


M IV 1 September 30 

15 9 

.53 4 

16 5 

65 0 

Octnl.r 1 April 30 

1.56 4 

256 .8 

108 9 

260 4 

Tnt'iN 

172 3 

310 2 

215 4 

3 -25 4 

1914-15 





M:iv i ,<('pt<‘rnl>pr .‘iO 

38 0 

133 9 

32 5 

179 0 

O' tel, , r 1 April 30 

174 1 

111 8 

14.8 7 

190 6 

’1 "fills 

212 1 

24.5 7 

1.81 2 

369 6 

191.5-16 





-M;i\ 1 ^t'ptcrnlK’r ."50 

110 0 

lO-a 0 

9,8 9 

1.87.6 

Oi t,,l,i r 1 \pril ;{0 

1.83 ,8 

179 8 

157.5 

217.7 

I "f.ll-i 

293.8 

344 ,8 

2.56 4 

405.3 

, 1916-17 





•'■e' 1 April 30 

207 0 

2 43 6 

213 1 

290.3 






M 1 . 

■''it ' \pril :«). . 

•10 2 .8 

4,5 2 9 

409 4 

526 7 

'i ' .irly averages. . . 

257 6 

319 4 

255 1 

383 4 
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TABLE 6 (continued) 


Tank 



VI 

1 

14 i 

1 

1.5 

10 

10l;5-14 

May 1-September 30 

October 1 -April 30 

2.2 
23 4 

M.SONE 

7 1 
31 5 

31UM 

2.7 

27.6 

^ t 

3) 4 

Totals ... 

25.6 

41 0 

30.3 

17 1) 

1014-15 



3 S 
12 1 

2il 9 
I't .! 

Mav l-.''eptember 30 . . 

4 4 

15 9 
12 1 

October 1-April 30 . • . 

12. 1 

Totals. . 

10 5 

28 0 

1.5 0 

in -> 

Mav I-Septeraber 30 

10 3 
21.0 

25 0 

12 1 
20 0 

.51. 0 

October 1-April 30 

22 3 

') 

Totals. . . . 

11 2 

47 3 

38 1 

t.l 5 

1010-17 



2S 5 

11 J 

Mav l-.\pril 30 . 

23.5 

.30 1 

10i;-lb 



4.') 7 


May 1-April 30 

41 3 

.50 7 

'4 1 

Yearly averages 

1013-14 

t) 

41 3 31 7 

POT.V<SU'.VC 

51 

Mav l-j^ptember 30 . 

4 0 

,8 8 

4 4 
24 2 

I 'i 

October 1-April -'lO 

30 9 

42 s 


Totals 

3.5.. 8 

51 0 

2S.6 

1.' 1 

1014-15 


40 .3 



Mav l-.September 30 

13 2 

7 7 


October 1-Apnl 30 . .... 

23 1 

2.) i 

16 .‘) 


Totals 

101.5-10 

36 3 

71 0 

24 2 

I'l t, 

May l-.Septemb<ir -30 

01. '» 

70 7 

.31 0 

1 ) * 
4 7 

October 1-April 30. . . 

70 5 

00 4 

1-V 


Totals 

1010-17 

132 4 

131 1 

76 .') 

so 1 

-,.i0 

Ma> 1-April 30. . . 

1917-18 

80 5 

SO 1 

,51.7 

.May 1-April .30. . . . 

1.58 1 

1.55 4 

10.8 0 


Yearly averages 

H8 6 

00 1 

57 8 
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TABLE 6 (concluded) 



Tank 

13 

14 

15 

16 

1913-14 


SODIUM 


Al'iV 1 -September 30 

6 6 

12.1 

4 4 

9.3 

October 1-April 110 

S5 1 

110 1 

95 9 

94 4 

Totals ... 

91.7 

1-28.2 

100.3 

103 7 

1911-13 





Mav 1 .•September 30 . 

14 3 

38 0 

8 2 

15 4 

October l-April .30 

01 1 

32 9 

60 6 

54 5 

Totals 

75 4 ' 

90 9 

6.S 8 

09 9 

191.3-10 





Mav 1 SeptemlxT 30 

31 2 

04 ,8 

;» 4 

40 6 

October 1-April ;10 

90 .S 

S3 0 

78 2 

00.2 

TutaN . . . 

14S 0 

147 8 

108 0 

112 8 

1910-17 





Mav 1 -.\pril 30 ... . 

05 3 

6.3 1 

35 0 

50 9 

19 17- IS 





-May 1 .April 30. 

132 S 

120 1 

lO-t 0 

1118 

^ t arly iivpnig<'3 

102 7 

1 

no 0 

,88 4 

89 .8 
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TABLE 7. Ash and Ash Constituents in Crops, bt Years 


(In percentage of dry matter) 


Year 

Tank 

Crop 

Part 

of 

crop 

Ash 

Ca 

Mg 

K 

S 

P 

1913 

13 

Oats 

Grain.. . 

3 67 

0 03 

0 06 

0 62 

0.24 

(1 .ii) 


13 

Oats 

Straw.. . 

6 92 

0 43 

0 12 

2.40 

0.18 

IJ 


15 

Oats 

Grain . . . 

3 39 

0 04 

0 a3 

0.62 

0.23 

(1 .ir) 


15 

Oats . . . 

Straw .... 

6 61 

0.42 

0 17 

2 16 

0 23 

It 11 

1914 

13 

Peas . . 

Grain .... 

4 30 

0 05 

0 04 

1.15 

0 36 

0 H 


13 

Peas 

Straw . . . 

■27 43 

0 67 

0 23 

0 46 

0 62 

0 :i:i 


15 

Peas 

Grain . . . 

3.43 

0 04 

0 04 

1 14 

0.33 

0 h 


15 

Peas 

Straw. . . . 

14 20 

0.99 

0.18 

0 04 

0 60 

0 :i.i 

1915 

13 

Maize 

Grain . . 

1 74 

0 a3 

0 09 

0 38 

0 .30 

0 :!0 


13 

Maize 

Straw. 

6 54 

0 15 

0 08 

1 19 

0..30 

0 2J 


15 

Maize 

Grain 

1.60 

0 Of) 

0 07 

0 42 

0 IS 

(1 :17 


15 

Maize. 

Straw 

5 19 

0 13 

0 11 

0 .83 

0 31 

n :2 

1916 

13 

Oats 

Grain . 

3 33 

0.02 

9.03 

0 77 

0 19 

It i; 


13 

Oats 

Straw. 

8 16 

0.28 

0 12 

2 49 

0 .30 

(1 1'l 


15 

Oats . . . 

Grain . . 

3 88 

0 01 

0 04 

0 67 

0.18 

It .■)-> 


15 

Oats 

Straw 

7 89 

0 32 

0.20 

2 19 

0..30 

It .’4 

1917. .. 

13 

Barley . 

Grain . 

3 01 

0 03 

0 02 

0 .>4 

0.21 

it 


13 

Barley 

Straw 

7 41 

0 24 

0 07 

1.03 

0.24 

(1 .’ll 


15 

Barley. . 

Grain . 

2 92 

0 02 

0 03 

0 .59 

0.'20 

0 .-,0 


15 

Barley 

Straw 

6 13 

0 .T3 

0 04 

0 93 

0.24 

0 
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table 8. Ash and Ash Constituents in Chops, bt Years 
fin pounds per acre) 


■i ■ .'.r 

Tank 

Crop 

Part 

of 

er 'p 

Ah 

Ca 

M« 

K 

1 

1 

.s 

P 

I'll ; 

1.1 

Oafs 

0 rain 

70 S 

0 .-, 

1 1 

11 9 

4 0 

10 0 

11 

Oats 

Stra.v 

nr, 0 

7.1 

2 0 

40 5 

.3 1 

2 0 

1 

11 

Oats . 

Total 

187 7 

7 .8 

3 1 

52.4 

7 7 

12 9 


1.) 

Oats 

Gra’n 

« -> 7 

0 8 

0 6 

11 3 

4 2 

10 3 


1.') 

Oafs 

straw 

101 2 

r, 1 

2 6 

33 7 

3 5 

1 7 

1 

1.0 

1 

1 Oats 

Total . 

It;-, 0 

f, 0 

3 2 

15.0 

7.7 

12 0 

111 11 

11 

i I’.ou 

Crain 

21 .0 

0 1 

0 2 

5 8 

1.0 

2 4 


11 

1 

, Peas 

Straw 

( 7!t .1 

ir, .5 

5.7 

113 

5.5 

8 2 


1 

i:j 

Pea.s . 

Total 

j 701 0 

10 8 

5 ft 

i *' * 

17 1 

10 0 


1.) 

Peas 

Cram 

1 11 tl 

0 1 

0 1 

10 4 

3 0 

4 4 


1,-. 

P. as 

Strau 

I 101 2 

27 1 

1 ft 

11 1 

10 0 

ft 6 


11 

Pea.s 

Total 

1 122 8 

27 8 

5 3 1 

21 8 

1ft 0 

i 110 

101.) 

i 11 

M:iize 

' Crain 

1 2 t) 

0 1 

0 2 

0 7 

0 0 

i 0 0 

i 

1 

Mai/,e 

Straw 

1 JW s 

1 1 

0 0 

3 2 ! 

1 

17 ft 

12 0 

i 


1 11 

Mai/.c . 

Tot)J 

'Ji*7 7 : 

0 1 

3 A 

18 0 

12 0 

ft 0 


i i.i 

Ma ze 

I Crain 

1 10 r, 

0 .5 

0 1 

- 

1 2 

2 5 


1 

Maize 

Straw 

! 211 7 

5 7 

1 ft 

17 2 

13 0 

ft ft 


r. 

Mai e 

T<.lal 

1 

1 212 1 

r, 2 

.', 1 

40 0 

1 

11 S 

i 12 4 

lOH, 

11 

( >ats 

drain j 

1 .•« 7 

0 2 

0 1 

7 8 

2 0 

4 8 


11 

Oal.s 

Straw ! 

! IIS 1 

1 1 

1 8 

.10 I 

1 5 

2 8 

i 

11 

1 Oats 

Toi,.l 

1 I.M S 

1 1 

2 1 

41 ft 

0 3 

7 0 


1.-) 

Oats 

Cram j 

;is .1 

0 1 

0 1 

(i 7 

1 8 

.') 2 


i.'i 

Oats 

Straw I 

1 

120 1 

,5 1 

3 1 

I.-, 1 

1 8 

1 .8 


!.■) 

Oats 

Total j 

101 0 

.5 1 

3 7 

11 8 

0 0 

ft 0 

1017 , 

11 

Bariev . 

i 

Crain ' 

21 7 

0 2 

0 2 

1 4 

1 8 

1 .1 


11 

Barley . . 

Straw j 

T) 

- 2 

0 7 

ft 1 

2 1 

I 8 


11 

Barley 

Tnfal 

'.to 1 

2 1 

0 ft 

13 5 

.3 ft 

0 I 


1.') 

Barley. , 

Crain 

;«) 7 

0 2 

0 3 

6 1 

2 1 

5 3 


1.1 

Barley, . 

Straw 

72 ft 

.3 ft 

1 7 

It 0 1 

2 ft 

2 ft 


1.0 

Barley.. 

Total . 

103 f, 

'< > 

: 2 0 

1 

17 1 1 

5 0 

8 2 
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BEAN ANTHRACNOSE 


MoilTlEK F. Barrus 
THE HOST 

Next to the potato and the .sweet potato, the bean (considered as a 
vosetahlo) is the most important crop .grown in this country. Not only 
are beans grown in practically every home garden, but they are of great 
cninniorcial imjmrtance also. The I''nited States Census Bureau (1913a) 
reports the production of dry edible lieans grown for commercial pur- 
poses in this country during 1909 as 11,251,160 bushels, or more t han 
(Iniihle that of 1899, representing a value of .$21,771,482. The Monthly 
f’rop Report of the United States Department of Agriculture (1917: 
133) estimates the production for 1916 as 12,029,000 bushels; for 1917 it 
was 18,129,000 bushels, the culture of l)eans baxung l)ecn stimulated bj' the 
(leinand and l)y the high prices paid as a re.sult of the war. Since the war 
tliiMo has Iwa a marked reduction in area in the States haxing a high 
bean production. Dry l)eans are a staple crop in New York, Michigan, 
Colorado, New Mexico, California, and several other States, while string 
b(‘ans are grown extensively in many parts of the (‘ountry as a truck crop. 
In noithern New York, in Michigan, Color.ado, and ('alifornia, and in 
soutlicrn Canada, the production of garden and field Ix?ans for seed has 
developed into a large and profitalrle industry. Large areas also are devoted 
to the i)r()(lu''tion of snap l)eans for canning. 

I’lioi- to 1899, New York was the leading State in the production of 
dn- ('(lible beans, in 1879 producing 42.4 jx'r cent of the total crop in the 
1 rnti'd .States and in 1889 producing 35.1 jTer cent. In 1909, however, 
it piodueed only alsjut 15 [XT cent of the total crop (U. S. Census Bureau, 
191. oil. While production lias greatly increased in the other large 
be, in-producing .States (table 1), New York h.as lagged behind, although 
it w.i.s ..-tirred on somewhat during 1917 and 1918.' Low yields resulting 
hoiii diM';(.se .and from pixir weather conditions inevitably resulted in 
f'diiced acreage for 1919. 

( ' ij 1 ' 'f 'r t'rn ? V’'* *''*''\** from the KIrvrnth (Vnsua; for ISIW nmi from the ThirUH-nth 

( r 1 , I;. ,.,rt f Crop Ke|H.rl for 191C.. for 1915. 1916. ami 1917, from the Montiily 

i "rt. t fur loiri f ’ i,v» the Monthly Crop K«'{>ort for 1918; for 1919, from the Monthly Crop 

f ' j.'uu futii Crop (or 19J»*. The'« re^renoe-* are given under 
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TABLE 1. Acreage and Production (in Bushels) since 1870, of Dry Edible Bfan? 
IN THE Five Largest Bean-Producing States and in the I'nited States 


Year 


New York 

Michigan 

California 

Colorado 

New 

Mexico 

I'nifts} 
yt;i(. s 

1879 

Proiiaction 

1 . 303.444 

167 . 658 

378.971 


10.168 

3 , 07 -, iivi 

1889 

i Pr'xluctuin 

1 . 111.510 

434.014 

713,480 

7 , 265 

7.843 

3 , 1 () 

1899 

Acreaso 
Pnxluction 1 

\ 39 '< 

I, 3‘>0 445 

16:\025 

1 .. 80 a? 4 l 3 

45.461 
658 . a 5 1 5 

2 , 40 (> 

28.570 

17.417 

36.022 

451 ^41 
5 . Oil }'t 0 

1009 

Acreage i 

Proluction j 

1 I 5 . 9 'K 

1 .681 ..W) 

403 . 66.9 

5 2 S 2 . 5 U 

157.987 

3 . 328.218 

5 . 0-10 
53 . 926 

20.766 

85,795 

89 J , 'FiJ 
11 . 251 , 19 ] 

1914 

Acreage ! 

Prixiaction j 

lls (“Hi 

1 6 ‘i 0 . 0(»0 

1 4 ‘H ).090 

1 5 . 48 S.(KH) 

215.099 

3 .S 75.090 

20.090 
300 . (MK) 

32.000 i 
272 . (XM) 


1915 

Acre ice 
’ I^inluetbin 

i liO.O(H( 

i 1 4'»5 (HH) 

i .*HNi (kN) 

: 4.259 090 

225.090 
3 .M’. 8 .(H )0 I 

21 .(.HM) 
310.099 

46 . (XX) 
368 .(H)() 


1916 

Acreage 

Pro<luction 

I‘‘ 0 . 09 (t 

1 . 140 . 0 (M) 

1 470 .<'MH) ; 

i 3 . 102 . 99 «> 

340.000 ‘ 
5 . 576,999 

38.090 
424 . (U )0 j 

64.000 
425 . (XM) 

1.241 (60 

12 .(i 2 'i tfiij 

1917 

1 Acreage 
' Pro‘iucti<>n 

210 . (HH) 

! 1 , 575 . 9(10 

I 619 . (NN) 

1 3.514 09 (> 

j . 55 ^. 0 (M) 

1 . 8 . 0 i 5 . 9 (KJ 

191.000 ; 
I , 167.090 : 

213.090 

958 . fMX) 

2.117 

18 , 12 » dfiO 

191 S 

Acreage 

J^(»(.luctlnn 

i 2 Ch> (hhi 

I 1 .Ot'Hf. 

1 5 H .099 

I 4 .vs 7 .(Mi 0 

1 592 (MK) 1 

1 S.S.S 9 .(RM) 

1 252.090 

1 638 . (K Ml 

1 19 .(X )0 
596 . (XM) 


1910 

i Acreage 

' Prolucti'in 

1 1 3 (‘ 5 .(bh» 

1 199 . (Kt 9 
: 4 no. (MR) 

! 4 (M ).999 

5 . 99<).900 

69 (MM) 

1 is . 099 

123,990 
922 . (MM) 


19 J 0 

Acreage 

1 Prcxlucti'in 

1 «■*(■>. 9 - 4 ) 

1 1 260 . 9(>9 

1 

; 27 '. 0(0 

3 . "> 75.090 

1 285 , 90 f) 

I 2 . 8 . 59.099 

i 6 . 1 , (HM) 

i .V> 1,990 

121 .(MM) 
81 1 .(MM) 



The figures in taiile 2. taken from statistics comiiiled hy order of the 
New York State Food (’ominission give tlio acreage and pru- 

duction during 1017 of imi>ortant liean-growing counties in tlie State 
and show the location of the liean area. A laigcr yiidd to the acre was 
obtained by some of the other countie.s which planted a smaller acreage. 


TABLE 2. Acreage and Production of Field Beans in the Ten Large.st-Prodi ■ ''■ > 
Counties of Xew Vork .State i.n 1017 


Livingston 
Wyoming . . . . 
Genesee 
Ontano . . . . 
Wayne .... 

Monroe 

Orleaas 

Erie 

Vate.s 

Schuyler .... 


N’ew Vork State 


County 


Ppi. 

.\rreage diiiiH'i 
fbu-h'-l 


:57,010 
23,1 or 

i;ls.s4 
12, til. 5 
11,070 

o.oto 

lt,2.'{.'i 

!t,007 

. 8,101 

218,742 


210, ''I'l 
101 .l.'e 

,S2,:C! 

sii. lai 

It,. .->17 
711 It-’ 
,V' 

7 , .177. 1"’'! 
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Now York ranks first of all the States in the amount and value of canned 
iini; beans, the United States Census Bureau (1913b) reporting 452,634 
having a value of $839,135, or more than half the total value 
))■ the entire country. It is assumed that nearly all string beans canned 
1 the States were grown within its territory. 

It is thus seen that the bean industr>^ in New York and in the country 
t large is an important one, and well worthy any attention that may be 
iven to it by the Federal Government and bj’ the various experiment 

;atioiis. 

The common l)ean (Phaseolus vulgaris L.) Ijecomes affected at times 
y various diseases, among which the t)ean anthracnose is an important 
ne in New York State. Bacterial blight also occurs frequently on the 
ammon laean and on the lima Ix'an ( P. bwatus L. ). and was severe in 
916 and 1917. Root rots — especially the one cau.sed by Fiuiarium 
Inrlii phnsroli, though l)lack root rot, caus<'d by Thiehivia basicila Zopf., 
aould be mentioned also — are catising considerable loss in restricted 
x'alities and may Ik* more prevalent than is generally known. Rhir.octonia 
ieni canker and pod spot, caused l)y ('orticium ragum B. it C'., has been 
sported from a few jalaces as lx*ing serious and is known to have a general 
istribution. Bean rust, caused Iw ['ruiin/cvs appcndiculatus (Pers.) 
ii.v., occurs occasionally, lait does litth* damage in this State though it 
1 scvei’e ;it times in the Soutli and the Wi'st. Brown rot, caused by 
ch'i'oluiia hlH'rtuina Fuck('l. is di'stnu'tivi* only during [x*riods of extended 
un> and warm weather, ,‘ind th.<>n only on vines so bushy that they ilo 
ot permit good aiTation. The leaf spot cau.'^tjd by Idufllosticta sp. is 
ncoiiiiiion in the State, while leaf s{X)t caused by Isariupsis griscola 
ltd', ha' not iH'cn reported here. 

In aildition to the i)arasitic di.'ea.ses just mentioned, mo.saic, supposed 
> be (hi(‘ to a filterable virus, should certainly 1 h> included In'cause of its 
“'leial i)r('valenc(! in the State amt its apparently serious effect. 

I lie writer has devoted more or less of his time for the past ten years 
'> the study of the anthracnose disea.se and the manner of its control. 

til' following ])ages he presents liis opinions and those of others in 
h'Ud to the disease, and records the results of liis experiments. 
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THE DISEASE 
ECONOMIC ASPECTS 

Name, history, and geographical distribution 

The name bean anthracnose, generall.v applied by American, English, 
French, Italian, and other pathologists to the disease under consideration, 
was apparently first used in this connection by tscribner (1888), althdugh 
the name anihrarnose was used earlier to designate the gi'ape disease 
caused by Ghvosporium amiielophagutn Sacc. The terms pod spot, nr 
canker, and leaf spot are sometimes applied to the disease as it occurs on 
these respective parts of the plant; while not uncommonly the terms ni.4 
and blight, and rarely scab, are erroneously- used by laymen. Frank 
(1883 b) called the disease Fleckenkrankheit. and the names BrennerjUdm, 
Brennerfleckenkrankheit, Brennfleckenkrankheit. and Scliwnrzjleckenkrankhiit 
have lieen used by Clerman writers. In Holland, Schenk (1917) speaks 
of the disease as Vlekziekte, and in Denmark it is called Bonnesyiji In- 
Lind (1910). 

The disease was first rlefinitely deserit)ed by Saccardo (1878), ulin 
reported its discovery l>y Lindemuth in the fruit and vegi'table ganlen 
of the .Agricultural Institute of Popi)els<lorf, at Bonn, in .August, ls7.'). 
Anthracnose spots are pre.sent, however, on spi-cimens of In'an jxnh 
distributed by Desmazieres (1843b) under tlie naim; Septoria legunnnam 
Nob. Berkeley (1880) repm-ts the <lisea.se on kidney lieans from Ihslloni, 
England, ascribing it to .Ascochyta. Saccardo (1881) shows a good cohircd 
reprorluction of a prxl affected with anthracnose, and diawings of ihf 
fructifications of the fungus. The lalnd indicates that the fungii;- \\:is 
collected at Padua in .June, 187.3, on Phnseolas ridgaris. Frank (iss.!li) 
states that Lindemuth ref>orb-d to him the occurrence of the di'i ivc 
in 187.3 on the re<l-mottled Zucker-Stangenbrechbohnen, and .i ti‘« 
years later on numerous other varieties grown in the same vicinity. 
Frank him.self says the di.sea.se oceurre<l in other parts of (iermany in 
1881 and in various lo<;alitie3 in 1882, it Ixiing e.s[K;cially severe the 
latter year. He gives an excellent account of the di.sea.se and its ' 
in the article cited. Saccardo (1884) mentions the disease as 1 ' inn 
common and injurious in fJermany, Italy, I’rance. FIngland, and Noith 
America, iliehon (1889) records its presence in the Marne district of 
France. 
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i;!lis nnd Everhart (1885:111) report Dr. Farlow’s observations of 
the ( oininon occurrence of this fungus on beans in the Cambridge (Mass- 
achu'('tts) market since 1882. From the Plant Disease Bulletin issued 
liv tlic Plant Di.sea.se Survey of the Unite<l States Plant Indu.strj' 
Buivati (1918.2.54), it appears that the disease was reported from Penn- 
fvlvania, Maryland, and Louisiana in 1887; from Michigan in 1889; 
ami li'Din New York and Ohio in 1890. Scribner (1888:361), after speaking 
of it' (lisirihution in Europe, .says that .specimens have been received 
from (Maine, Massachu.setts, Wisconsin, Pennsjdvania, Louisiana, and 
the ni'trict of Columbia. 

Simi' then the disease has l)een reported from a number of places in 
Gi iin.iny, Italy, England, and the rnite<l States. Rcixirts of its existence 
— recording only its presence and others its prevalence and destruc- 
tivi uo'S - - have Ik'cu recorded from Norway (Schoyen, 1901), Sweden 
(Eiik"on, 1.SS9), Denmark (Lind, 1910), Rus.sia (.laczewski. 1912), Tyrol 
(liulrik and Rabat, ItKll), Belgium (Marchal, 1907), Holland (Sprenger, 
IKlSi, Ireland (Sch()ol)otham, 1909), .Japan (kleta, 1911), Formosa 
(Fujikiiro, 1914), India (Butler, li)18), Transvaal (Poh'-Evans, 1907), 
.bi^tialia (Cooke, 1892), New Zealand (Kirk. 1905), Argentina (Spegazzini, 
Biazil (Puttemans, 1901), Cuba (C(K)k and Horne, 1908), .\laska 
(.Midei'on, 1916), and C.anada (Cr.aig. 1.893). 

From tli(> bulletin issued by the Plant Disease Survey (C. S. Plant 
In.limtry Bure, an, 1918) and from the earlier survey reports by Orton and 
hy Orton and ,\ines (BKll 1909), as well as from the bulletins and reports 
of the Various exix“rim('nt stations in tiiis country, it apjx'ars that the 
ili'ea'f has occurred at on(' time or another in every State in the Union 
c.X(rpt South D.akota, Wyoming, and Nevada. Doubtlc.s,s it has occurred 
m thiee Stat<‘s also but lia.s not, l)con reported. 

b i' tliie .seen that tlx' disc;us<> is world- wide in its distribution, occurring 
in no, Illy e\ery jilace where Ixains are grown. The climatic caindition 
of a ((iiinlry or a region htis much to do with the development of the 
(lisen'o, .so that in .some of the countries where it has IxH'n re(xirted it is 
of no iiiiportanee and in others it Ikm-oiuos a .serious jx'st. While it has 
hei II ii porti'd from Alaska, it cannot lie enphytotic there, .as .seed of 
/Cl ntl'iaria will not mature in that latitude; but the summer 
I'liiii lie of Alaska is not unfavorable for the development of the fungus 
"hen introduced in imported seed affected by it. 
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Economic importance 

While bean anthracnose can be found on some plants year after year, 
it is only during certain periods most favorable for its development that 
it becomes widespreatl and causes serious loss. Such epiphytotics are 
coincident with or closely follow f)erio<ls of rather abundant rainfall 
during the growing season, and often recur in tliree or more successive 
yeai-s. Frank (1883b:512), as already noted, reports such an epiphytotie 
in Germany in 1882, Querner (1908) reports one in 1908, and Fischer 
(1919:246) reports epiphytotics in 1916 and 1916, \'oglino (1892) reports 
a complete destruction of the crop in 1891 in .several localities in Italy. 

Beach (1892:308) reports a heavy loss in many .sections of Xew York 
in 1891. Halsted (1893-lftOl) rejiorts the disca.se as common from lMi2 
to 1897, after which it was an uniinjKutant factor in his exjx'riineiUs. 
Whetzel (1908:436) reports the disea.se as wid('s])read in Xew Ymk in 
1906. Then followed five ye.ars during which the loss in most sections 
of the .State was negligible. Late in the .sea.son of 1911, the disease was 
observed or reported from many fields, and in 1912 it was again severe. 
The following year there was very little anthracnose to l)e found e.\(()ir 
in restricted areas, but it was pre.sent to a destructive dego'e in I'.ilt 
and 1916, the loss during the tatter year ranging from 30 to 100 jx'r cent 
of the crop except in a few cas<-s where r(‘>istant varieties were grown. 
During 1916 the damage done in this .^tate was slight, but the dise.i'C 
appeared again from 1917 to 1919, the los.'ses in these years, however, 
being much le.ss than in earlier years. 

A study of the table given in the Pl.ant Dis<'a.'^ Survey bulletin (page 
264 of the reference already cited; shows that txian anthracno.se w.i' 
generally severe in the eastern I'niled St.ates from 1!M)6 to 1908, funn 
1914 to 1916, and again in lt(17. Individu.al re{)orts of its ,severity aic 
recorded in other years. In Maine and Xew IIamp.shirc^ it is re[)ortr(l 
a.s causing consid(>r;ible h)ss ne.arly every' year, while in W’esUan .‘'^taii ' 
it rarely dws any ilarnage although it may lx; i)resent. 

Figures are not obtainable to show the exact los,s from this dise.i-e, 
but in epiphytotie years it is very large, amounting in individu.al ca.ses to 
100 per cent. Muncie (1917:7) estimates a loss in .Michigan of .81,6(K),0i*tt 
in 1914 and of alxmt $:i,(KX),(XK) rn 1916, while the loss in New York in 
1916 probably amounted to $7(X),000 or more. The Plant Disease Survey 
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liiilletin (page 13 of reference cited) gives the loss during 1917 for New 
York as 5 per cent, or 83,000 bushels, and for the United States as 1.76 
per cent, or 363,000 bushels. 

The losses from Irean anthi-acnose arc due to poor germination of affected 
seed, to destruction of affected seedlings, to low yield of affected plants, 
and to decreased value of the product. The principal loss in the production 
of green heans is due to the spotting of the pods, which renders them 
un>alal)le as snap l)eans and unfit for canning. Southern-grown beans, 
ai>!)ar('ntly healthy when shipixid, frcriucntly reaidi northern markets 
in a l)a<lly spotted condition, and if the disease is common in the held, 
pods kept over night after picking arc likely to be rusted the next morning. 
Tile lesion may extend through the ])od to the seed, discoloring it. The 
value of diy seed thus affected is h'ssened. and the buyer usually deducts 
a certain ixTccntage, the ‘‘pick,” from thi' total weight to allow for this 
depn'eiation. A poor stand often results from the jilanting of spotted 
seed', many of which fail to germinate, and this result is augmented by 
the de'truetion of seedlings .subse<iuently affected. Plants that have 
survived the early attack may give an inferior yield due to interrupted 
growth, although the ixxls them.selves may not laecomc sjxitted. 

SraPTOMATIC .\SPECTS 

^Mlile the aiiirearance of aiithraenose on the various parts of the lx“an 
plant lias In'en di'sia'ilKxl accurately by .si'veral investigators, a descrij> 
tioii is ineliidi'il here of its appi'arance as observed on diffenmt varieties 
of beans under dilTerent conditions and at different stages of maturity. 

Oil t/ic .«rd 

1 lie seed of the liean may 1 k' discolored by anthracnose, blight, rhizoc- 
tiiniii'e, and brown rot, and by various mold-iinxlucing fungi. The 
appearance most (diaracterisl ie of anthracnose (Plate I\ ) is the decided 
bl li kening of the alTectixl parts. I’sually the. blackened area ha.s a tawny 
biiiun or tan-colored- border, or the entire di.sea.sed area may con.sist 
ol the latter color. S|X‘cimens are common in which the color of tlie sirot 
on I lie sei'd is lighter, v.arying from drab to snuff brown or sjiccardo uiuIku-. 
ilie Larger spots usually have a vinaceous buff to avellaneous-colored, 

r! Kivpn fiirfcHpoml lo xivcii in llnl*tway*i* Slaniiards and Xomrnclaturf, and, 

stracUriatic, there is coosidcrablc varuition (rt»n» them. 
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often raised, center, which sometimes splits open disclosing the affected 
cotyledon. The spots may occur on any part of the seed coat, and may 
appear as a small black or brown speck or involve more than half the 
surface. In badly diseased seeds the lesion extends through the cotyleddn 
and may even affect the embrj'o, but in many cases the cotyledon is 
but slightly or not at all discolored. 

On the seedlings 

Seedlings from badly diseased seed show blackeneil cankers on tlie 
cotyledons (fig. 10), in which, under moist conditions, small flesh-colorcd 
masses appear scattered over the surface of the lesions. The stem may 
become affected along its entire length, but usually it is affected only 
below the point of the attachment of the cotyledons. The first indication 
of a lesion is the appearance of brown specks in the epidermis, l.ator 
there appears a browning of the tissues lengthwist* of the stem and Ixlow 
the epidermis. Still later, small pits appear along the affected area. 
Occasionally th&se cankers become so deep or so numerous that the stem 
is unable to support the parts alwve. 

On the leaves 

The leaves (figs. 10 and 11) not infrequently Ix'comc badly affectcil 
The lesions appear on the veins, usmilly on the underside of the Ic.ii. 
The.se lesions have practically' the same appetirtmce .as tho-s' on the st'in. 
The tissues on each .side of an infected vein and Inwond it may wit In r 
and die. A considerable area of ;i leaf m;iy Ix'come affected in this m.im ' ' 
giving it somewhat the appearance of blight. I'.sualh' only a small q.iit 
of the leaf tissue is killerl, and such places apjx'ar on the upper sidf :i' 
angular, elongated, de:id areas, which sometimes Ix’comc torn, ginun 
the leaf a ragged appetirance. The prdiole may Ixtcome so badly affd icl 
that it cannot support the leaf blade. 

On the roots and other parts 

The roots of plants growing in the soil are rarely if ever affected: I 
on seeds sprouted in a moist chamlxrr, where the young rfxits are expo-' d, 
lesions similar to those on the stem may lie pnxluced by artificial inocnln- 
tion. Muncie (1914:4) mentions a rotting of the rrmt due primarily i" 
the anthracnose and blight organisms followed by secondary rot-producci .' 



Bkan Anthracnose 


109 



t'K, In 


111KACN08E ON rou.va BSAN PLANT SHOWING LESIONS ON JUVENILE LEAVES ANB 
ON STEM 

(riiotugraphod by K. U. 



no 


Mortier F. Barrus 


Fig. II. A.NTHR\CNOSR OS nR\M LBAVE>i 

T.^^ions on tho vom*. 'I'-.-ifh th«- rii«v>phvll a}K)ui thorn, .iriil show a.s brown tlead 'i" '' 

irr(i?nlar aroa-n on '!,<• u{*|» - - irfa- * >,i ‘hf 1. avoi 

The other part-; of oi<ier plants may I)e('ome diseased, and Ic'i" 
similar to tho.'e already dest-rilied may ap|x*ar on the branches nt tir 
plant and on the [K!dic(ds, th<? s<-pals, and the bracts of th(‘ iidlorcsn t c, 
Thesrs parts of plants jrrown ont-of-doors, however, lieconu* .affected cii') 
during protracted [Kjrifxl.s of weather favorable for the organism. 

(Jn the poila 

It is on the pfxls that the fli-sea.-^ a.s,sumes its most striking apiieai imf 
fPl^tc Vj. The first evidence of if there is the occurrence of tiny l i""' 
sfxjcks in the epidermis. These may Ije rufo\is or ferruginous, sliulitl; 
elongated areas extending at an angle to the long axis of the I""' 
d’hese sjxicks enlarge to s|»ols which l)eer)me black at, the center, 
a viuaceou.s-rufoas to hazel-colored border of varying width. I 
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)lack spots with colored borders are oharacieristic of anthracnose. The 
lankcrs range in size from a mere speck to spots one centimeter in diameter 
ir even larger. By the union of several large cankers, a broad lesion 
g often formed which may extend from one end of the pod to the 
(tiler. .V canker may extend through the endocarp and even to the seed, 
(aitii ularly if infection takes place early, in which case the pod sometimes 
aik to develop and liecoines shriveled and dried. Cankers resulting from 
tifeetions that occurred during the later growth of the pod seldom extend 
(clow tlie endocarp. As the pod matures, the lesion is marked at the edge 
if a canker by a slightlj’ raised, black ring with a cinnamon-rufous to 
ihcstnut-colored liorder. The center of the spot is then somewhat light 
mtf in color. I Icsh-colored spore masses on the surface of a young canker 
ly down to gray, brown, or even black granulations or to small pimples. 

Ihe a])pearance of the discasi' on the po<ls of the different varieties 
5 veiy similar, llu' lesions on Blue Pod Butter, a variety producing 
!ark hlue-pui'iile pods, are snulT iirown instead of black in color: otherwise 
jliey are similar to thosi' on other varieties, (fn a numlier of picked pods 
ihat had been left in a basket and were somewhat wilted, -and in other 
sascs in uliicli inoculations were imidc, lesions one cent i meter or more in 
liiiuicti'i' aiipearcd wliich were light brown in color and nmrked by a 
lliiilit ilcpiession. It tlu' s|)ores had not l>een present on(> would hardly 
(iivc Indieved the lesions to Ih' Jinthracnose. pjirticularly as the typical 
esioiis wei(‘ ])r(‘sent also on somt* of the pods. In some instances these 
inusual-a|)|)earing lesions later assumt'd the more clninicteristic apj'iearance. 
axhlicad (I'.MCt) mentions th(' ]nesence of a ])ink rot {('cphalothecium 
OM'iiiii in jinthracno.se sjxits on Inam pods, and ;it Ithaca tills fungus 
las lnH’n found often in such lesions. 


bliiiht lesions (Plate \ 1) on the pods may sometimes lie confused 
?itli a III III, •ieno.se. 1 li(> l)li(r|i( li'sion consists of ;ui area having a watcr- 
n.ihcd appearance extending along tlie dorsal suture, or of sjxits of a 
iiniMi nature and of various diameters apiM'aring on tlio sides of a pod. 
b' II a pod may liave many such discolored spots, these having originated 
ui.oit iiitc'.-, or punctun's. Ihe spots u.sually have an ochraceous- 
center with a hordi'r of a einnanion-rufou.s color, and commonly, 
•' ' 1' pod matures, the entire lesion turns to hazel or to cinnamon brown 
II 1 •! iiioie liighly-eolonxl margin. It may 1 h' distinguished from anthrae- 
'■'i W file absence of any dark eolor.ii by the shapi' of the lesions which 
si'.u. ' I may occur ou bUghteJ leaves and isxls and give a blackened color to the 
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are usually more extensive and more irregular in outline than those of 
anthracnose, and by the absence of spore masses. 

Rhizoctonia (Plate VII) often occurs on the pod, producing lesions which 
particularly when they are small, closely resemble anthracnose. rbj 
fungus attacks only the pods lying in contact with the ground. The 
lesion has a bay to auburn center, often with a dark-colored ring near 
the margin , surrounded by a ferruginous border. The lesions are more 
extensive than those of anthracnose, howev'er, and do not contain the 
characteristic spore masses (Plate I). 

Sclerotinia Ubertia?)a Fuckel produces a disea.se characterized by a xift 
brown rot and moldy ajipearance of the pod, followed by a shrivelinu and 
drj’ing, which can never l)e confu.sed with anthracnose. Tliis fungus 
commonly produces rather large black sclerotia on the i)ods. 

On pods of certain varieties, rust (Plate \'1II) .sometimes occur< as 
pustules containing a black ma.ss of dusty spores. 

When immature pods are exposed to the hot sun — as is often th(' ni'C 
when the leaves are injured by blight or l)y other means, esiwcially whca 
the plants are approaching maturity — the exposed surfaces bcciuiie 
discolored with brown specks, spots, or blotches, in some eases a little 
sunken, which maj’ l)e mistaken for blight l>ut hardly for anthracmi'e, 
MacMillan (1918) descrilxes these lesions as he found them on certain 
varieties of l)ean.s in Colorado and in the East, and the writer has ob'civcd 
them commonly in the East on many varieties. A peculiar brow ning, 
different from sun-.scald, was also observed, but the cuusc was not ilctcr- 
mined. A browning of pods may occur from other causes also, ik i:" 
which, however, need Ije mistaken for anthracno,se. 

ETUJLOGIC aspects 

Nome, clan-si fiention, and .siptonymij of the Cfiiisal orijanism 
Bean anthracnose is known to Ixj caused by the fungous jiaiu'ite 
Collelotrichum lindemulhianum (Sacc. & Magn.) Bri. & Cav., one m the 
Melanconiales of the cTa.s.sification of Lindau fl9(K)) jus used in i Miglc'' 
and Prantl’s Die naturliche Pflnnzenfamilien. The fungus do«!s not ilitlf^ 
appreciably in its morphological characters from a nuinl)er of other spci ics 
belonging to this genus, nor, except for the presence of setae, from the 
genus Gloeosporium. Not only are species of the genus Colletotrii I'l'" 
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1,1 nf the related genus Gloeosporium similar in appearance, but 
yo the diseases produced by species of the two genera are similar in 

laractcr. 

Saciaido (1878), in his description of the fungus, gave it the name 
lindemxUhianwn Sacc. & Magn. after Lindemuth, who 
vd the fungus in 1875. Scribner (1888:364) described the presence 
setae in the acervuli which were present on most specimens sent him 
am M veral States, and thought it probable that the generic name of 
■e f\int;us should l)e changed to C olletotrichum. The following year 

rio>i and Cavara (1889) named the fungus Calletolrichum lindemuth- 
num I Sacc. Magn.) Bri. & C'av., and distributed it as such. The 
me year Scribner (1889), again finding setae in the acervuli, placed the 
nynis in the genus Collctotrichum and published it as C olletotrichum 
vleinitthionum (Sacc. A Magn.) Scribner. The name given by Briosi 
1(1 Cavara stands, although it is evident from much subsequent cultural 
ork that the |)rescnce or absence of .setae is not a character of sufficient 
aliility to serve as a b;isis for the determination of generic position, 
rugci' 1 1913:294-303) was able to develop setose and non-seto.se cultures 
tills fungus at will, finding that a numlrer of factors, .such as age of the 
ilturc, and nature and moisture content of the substratum, were control- 
ig agencies. He, however, de.signates the conidial form a.s GliKOsporium 
ul)gcnu> ('olletotrichum) lindemiUhianum Sacc. & Magn. 

Hal.'tcd (1893d), after making cros.s-inoculations on bean and water- 
dun. decided that the anthracnose fungi in these two hosts were the 
■nio. and used the name Collctotrichum lagernarium (Piuss.) Ellis & Hal- 
?d, im lu'ling in the synonymy the names that had lxH*n applied to the 
■ganiMii causing melon anthracnose and tx*an anthracnose, respectively, 
icar and \\ ood (1013:46) found fX'rithecia producing asci and ascospores 
'■iilturo made from an anthracno.se sjwt on a bean pod, and they refer 
cii fungus ioGlomerclla lindemulhianum Shear n. comb. Kruger (1913: 
1 ) all li( uigh he did not find perithecia, designates the fungus iis Glomcrclla 
C(niiitli«inum Shear n. comb. Etlgerton (1915:25.5-256) questions 
■lethcr any ]x'rithecial stage of this fungus hiis ever been seen, and sug- 
'!'ts that Shcjir and Wood might have been working with one of the 
pmpliNiic forms occurring commonly on bean potls. He believes 
c fungu^ should 1x3 considered as a sjjecies of Collctotrichum until 
rther ca idence supports a different view. 
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At various times other names have appeared in the synon 3 rmy of this 
fungus. Richon (1889) gives the name Glaeosporium phnseoli n. sp. to a 
fungus which he found on the pods and stems of beans at St. Amand, 
France. His meager description fits this fungus very well, and it is not 
improbable that he had before him the fungus causing bean anthracn(N(., 
Saccardo (1892) lists Gloeosporium phaseoli Rich, and gives Richon’s 
description. Alleschcr (1903) also lists Richon’s fungus and gives hi- 
description, but says that it is an uncertain species jicrhaps identical 
with G. lindemulhianum Saee. A' Magn. or with a Colletotrichum. 

Alleseher (1903) dciignates as Gloeosporium lindemulhianum Sacc. A- 
Magn. ionna. foliicolum Alle-sch. the fungus he found on the upper surface 
of .subcircular, brownish spots on leaves of Phaseolus vulgaris var. namix. 
An e.xamination made of type specimen No. 380 .\llescher Sc Sclinall 
(1894). in the herbarium of the Pathological Collection of the I'nitcil 
State.s Department of Agriculture, showed spots somewhat larger and mme 
nearly circular than is usual for anthracno.<e but not sufficiently distinct 
to warrant the placing of the fungus as a form of tlie species. The spcK" 
are like those of CoUctoLrichum lindemulhianum. .Mlescher says the 
form foliicolum is similar to the tyi>e e.xceptin the apixtarancc of the spot- 
as descrilxtcl and in tho»bsencc of setae. 

Desmazieres (1843a) de.scril)es as Seploria leguminum Nob. a fungih 
on the pods of Pha.soolus. He ascrilws to variety “h” of the same 
.species a form on Pisum. Saccardo (1878) .says he is not able to deciilc 
whether or not Seploria leguminum Dsmz. .‘■hould st.and, as he cannot 
distinguish the young condition from Gloeosporium lindemuthianum, >"it 
the description varies widely from 8eptori;i and approaches more ncail," 
that of G. frucligenum Berk. Berkeley (1881), .speaking of tlncd 
specimens distriltuted by De.smazidres under tli(> niune Seplmm 
leguminum, says the species shown is not a good rei)rese.nt!ttive of tlie 
genus Septoria, but Ixdongs rather to tiloeosporium ;ind htis tx-en figured 
by Saccardo in his Fungi Halid Glwmporiiim lindemuthianum. Cooke 
(1881), on the basis of Berkeley’s observations, cites Seploria legumin^i'n 
Desm. as synonymous wdth Gloeosporium lindemuthianum Sacc. Kirchii' r 
(1906: 137) a.scril)es to it the small, dry, sharply differentiated browYi spots 
on Ixtans, on which appear later very .small bltick pimples. 

.Sjjecimens of Ixtan pods distributed by Desi.nazieres (1843 b) ts 
Septoria leguminum, deposited in the cryptogarnic herbarium of the New 
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York Botanical Garden, show the presence of the fructifications of two 
funLO on one of the two pieces of pods in the packet. One of these, occurring 
in characteristic young anthracnose spots, has the typical spores of 
Colleto'richum lindemuthianum except that the average width, 5.75 fi, 
is a trifle greater. There can be no doubt that it is the bean anthracnose 
fungus. The other fungus appears on the .specimen as numerous small 
black pycnidia and the.se contain typical Septoria spores. The other 
specimen shows only the Septoria-like fungus. Desmaziere’s description 
of the fungus given in Annales des Sciences Naturelles (1843a), and also 
accompanying the specimen, is of the Septoria, but his description of the 
disease applies, at least in part, to the condition produced by the Colleto- 
trichum. This probal)ly led to the mistake of ascribing to Septoria 
kijunjinuin Desm. the anthracnose present on pods of Phaseohis vulgaris 
distributed by Von Thiimen (1882) as S. leguminum and by Roumeguere 
flSSl) as S. leguminum Desm. var. Phnseolnrum. Saecardo (1896) 
descrilies a fungus, which he names (Hoeosporium socinm Sacc., as occurring 
on the leaves of living bean plants {Phaseolus vulgaris). But from his 
deseriiition it seems improlialile that he has the bean anthracnose fungus. 
D. Saecardo (1901) labeled as CoUetotrichum lindemuthianum (Sacc. et 
Magn.) ('avara f. liractuisporum specimens of a fungus on bean pod, 
Plmyvolus vulgtiris, the conidia and basidia of which were recorded as 
considerably shorter than tlie normal average. .\n examination of type 
specimens in the herbarium of the New York Botanical Garden shows 
small but typical anthracnose spots, from which, however, no .sitorcs wore 
obtained. 

Ile.dd and Wolf (1911) have ascribed to a new sjx'cies, CoUetotrichum 
dudmolum. a de.structive canker which they found on the stem of Kentucky 
Wonder beans in Texas, d'hey say that this fungus iliffers from C. Unde- 
midhuuium in that the setae are produceil abundantly in the host ami that 
the spores are larger and are falcate. 'Hieir description of the disease 
and of the fungus is similar in most resjK'cts to that of Ix'an anthracnose 
and its pathogene, but it is not possible from the description to rlecide 
that the fungi are the same. Cooke and Harkness (1880) repxirt Clloeo- 
■''ponui)! leguminis C. & HK. on legvnnes in ('alifornia, and later (1884) 
on pods of Robinia at Sacramento, California. Cooke (1880) describes 
ftc (( //(( leguminum ('ooke on the {xxls of I’rosopis found in Texas, thunes 
(ISDI) lists Discclla leguminum Cooke and Gloeosporium leguminis C. & 
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Hark, as synonyms of Gloeosporium {Colktotrichum) Lmdermtlhannt/i 
Sacc. & ]\Iagn. An examination of type specimens of these two funjj 
in the possession of Dr. C. L. Shear, of the United States Department 
of Agriculture, leads to the conclusion that they are not at all related to 
the fungus here considered. 

The sjmonjnny would, then, appear as follows: 

Gloeosporium Lindemuthianum Sacc. & Magn- Michelia 1:129. 1878. 

Septoria leguminum Desm. In Von Thiimen, Mycotheca universalis, no. 2096. 1.8.^;), 

Septoria Leguminum Desm. var. Phaseolarum. In Roumegu^re, Fungi gallici e.’csiccsti no 
2791. 1884. 

Colleiotrichum lindemuthianum (Sacc. & Magn.) Bri. & Cav. I funghi parassiti delle ptinte 
coltivate od utili, no. 50. 1889. 

Colletotrichum lindemuthianum (Sacc. & Magn.) Scribner. Orchard and garden 1 1 : lO.id'it 
1889. 

"! Gloeosporium phaseoli Ch. Rich. Cat. raison, champ. Depart. Marne, p. 401. 18.s(l 

Colletotrichum lagemarium (Pass.) Ellis & Halsted. Bui. Torrey Bot. Club 20:24<i-i)0. 
1893. 

Gloeosporium Lindemuthianum Sacc. & Magn. forma foliicolum Allesch,' In Alleschcr aid 
•Schnabl, Fungi bavarioi ex.riceati, no. 3.S0. 1.894. 

Colletotrichum Lindemuthianum (Sacc. et Magn.) Cavara f. brachysporum. Mycotheca it.ilni, 
no. 1364. 1901. 

Glomerella lindemuthianum Shear n. comb. In Kruger, K. biol. Anst. Land- u. For,!*-., 
Arb. 9:311. 1913. 


Morphology and physiology 

Spores 

Whether the fungus i.s grown on its host or in culture media, the 
spores are produced abundantly on the surface in acervuli nuis-scs of 
a grenadine pink color. Frank (188.‘1 )):513) mentions the presence d 
a slimy sultstance with the spores in the acervulus, and this has since 
been noted by other workers its a gelatinous substance in which the spniv? 
are embedded. If .such a mass of spores is placed in water, they .se[);ii;ite 
and Ijecome su.spendcd in the water so that they are readily tlissemi/i.iii'l 
by its dispersal. If the acervulus remains dry, it hardens and slnink^ 
down to .small gray or brown granulations, and the spores are scliloin 
set free under such circumstances. 

The summer .spon-s fconidia) are oval or oblong, cylindrical, onc-c llnl 
bodies of .somewhat variable size (Plate III, 1). They are sfralglit 
or slightly curved, with the ends rounded or at one end somewhat pointcil. 
The dimensions, as averaged from a large numlier of spore measureini nts, 
are 1.5 by 5 >«. The largest spore encountered measured 22 by 5.33 p 
and the smallest 13 by 4.44 p. The content of young spores is home- 
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gonpoiis and giranular. Often there is a clear body resembling a vacuole 
near the center, which Edgerton (1910:20) describes as a nucleus but 
which earlier workers have regarded merely as a vacuole. Edgerton says 
that as the sjTOrc ages it Ixicomes vacuolate, and finally the contents 
collect in small masses. The spores are no longer viable when this last 
stage is reached. 


Spore germination 

In making germination tests, spores from young acervuli produced in 
bean-pod cultures were transferred to a drop of the culture medium placed 
on a flained slide. The slid<‘s were transferred to sterile moist chambers 
or petri dishes kept moist with wet blotting-paper, in which they rested 
on glass supports to hold them up from the lx)ttom. The temperature 
was maintained at about 20° C'. 

flermination usually takes place by the protrusion of a germ tube 
from the side of the spore near one end and at an angle to its long axis. 
On nutrient media some spores have germiuatcal within eight or nine 
hours (Plate III, 2). Bean agar gives the (piickest and largest per- 
centage of germination, although tiutrient la'ef agar, potato agar, and 
beef bouillon give nearly similar results. Soon after the protrusion of 
the first tube, a second may be .sent out from a similar jjoint at the other 
end. As many as four germ tulres have l)een observed coming from 
a single spore, but rarely are there more than two. Dey (1919:307) 
obs('rvcd in a few cases more than two germ tul)es developing from a sixtre. 
1 he germ tulx's form branches which radiate from it in all directions 
(Plate III, 4). 


(lermination takes place more slowly in water than in agar. A few 
spores were observed to have germinated in water after eighteen hours 
d'late III, 10). In certain rain-water cultures almut one-half of the 
spores germinated in twenty-four hours, but this was a greater proixrrtion 
than lli(> average. In distilled water, germination proceeded somewhat 
mon' slowly. The majority of the sirores in these water cultures became 
miiseptiitc during germination, but sc*ptation was not observed to occur 
|■(lInnlonly in spores germinating in nutrient solutions. Often there 
a constriction of the siwre at the septum. In some ciises the spores 
Ihciiiselves increased somewhat in size before or during germination, 
hut this was not general and when spores were placed in nutrient solutions 
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it did not occur to any extent. Atkinson (1895) says that septafion 
occurs unless the spore is very short, and that the spore becomes con- 
stricted at the point of septation soon after ficrmination. He observed 
an increase in the size of the spores after germination until they Ix'cainp 
several times larger than at first, and states that even with spores which 
fail at first to germinate a similar increase in size takes place, and tlicv 
become uniseptatc. strongly constricted at the seirtum. and richly charged 
with highly refringent granules. Edgerton (1910; 19) states that the 
spores swell but slightly or not at all in germinating in nutrient iiK'di;! 
if they are scattering, but if they are abundant and close together in the 
culture medium they swell to two or three times normal size in some 
cases. During the process of enlargement a septum is formed, and with 
further swelling a constriction of the spore appears at this point. Edgerton 
finds that “when there are more than 12 or 15 sjwes to the cubic milli- 
meter of medium, the spores become swollen, germinate slowly and but 
poorly. ^Tien the number is le.ss than thi.s, they germinate with but 
little, if any, swelling” (page 20 of reference cited). He thinks this inav 
be due to an enzjane prohibiting growth, given off by the spore duiiiu: 
germination. Dey (1919) obseiwed that if the drop of water u.sed in the 
culture had a convex surface, the spores lying in the middle hardly germi- 
nated while most of tho.se at the bonh'r did. He thinks this difTerence 
is due to a difference in the oxygen supply. 

The gennination of the spore in wat(>r consists, in most ca.ses, of the 
production of an appre.ssorium at one or both ends of the coniilium (Flute 
III). This is a subglolio.se body flattened on one side, liaving dark- 
colored, thick walls and containing den.se granular protoirlasm. It olteii 
appears attached directl\' to the eonidium or is produced at the eml ef 
*^a short genn tube, although it is not uncommon to find tin appres-soriiun 
at the end of a long, narrow hyphti. In the ordintiry proees.s of geimi- 
nation in nutrient media, the spore contents beeomi' eoar.sely grtuiular 
and the vacuole inerea.ses greatly in size or there may be several vaeueh'>- 
In rain-water cultures, the spon- eontmits during germination seem t" 
pa.ss into the appres-soriurn, in which the protoplasm appears to 1x5 ''')■ 
dense. 

The appres.soria in most ea.s<-s are clo.sely appre.s.s(-d to the slide. A f' U' 
have Ix-en noticed, however, which were apparently free, .as they w re 
olrscrvcd to move when the slide wa.s jarred. In the course of twenty-b'"’' 



Bean Anthracnosb 


119 


hours some of those approssoria themselves send out a slender germ tube, 
at the end of wliieh in most caises another appressorium is formed. After 
nine days about 50 per cent of the spores in this experiment had germi- 
natt'd but had not proceeded much beyond the production of appressoria. 
A number of spores had the appearance of being empty, and other 
peculiarities were noticc'd to which no importance could be attached. 

Frank (18S3b: 51.3-515) descrilK's the germination of the spore and 
the formation of appres.soria, he b(‘ing the finst to apply the name to these 
bodies. These appressoria, Frank says, come to have a thick, irregular, 
dark purple uKunbratie. They are produced abundantly when spores 
an’ ii'('rminat('d on tlu' surfact' of bean or cucumber ti.s.sue, but seldom 
occur when germination t.ikes |)lace in watf'r on a glass plate. Instead, 
long, thin, germ tube's an' fornu'd, at the end of which a small appressorium 
may a])pe;ir, or the' spore' may prexluce' another s|X)re or sporidium attached 
directly tee the speere e»r tee a she)rt tube'. Frank sjiys the appre.s.soria do 
not germinate unle'ss tlvy are in cemtact with the host. He thinks their 
production is stiniulate'el by the cpiality ejf the substratum, and suggests 
that their function is to pre'parc the fungus for penetration into its host 
plant, 

-Vppresseu'ia are pre)eluceel by other ( ile)eeisix)ria of the Cdomerella 
type, and the'ir signitie'ane'e' has lee'cn eiiscus.se'ei by other writers. Halsted 
(lS9.3a .305) sugge'sts that the'v may be fe)rme'el as a protective body 
to tide the gi'rminaling spejre' eever unfavorable ix'rioels. He serys that, 
while' the' a]ipre's.se)rium is eefte'u a single cell, it m;iy become an aggregation 
of thick-w, lik'd cells like a selerotium. He thinks the' ajipre.ssoria may bo 
of taxonomic value'. Stone'inan (1S9.8113) eioe's not find them to occur 
as a e'onstant eharacte'r, but thinks they may be* forced in certain sj^ecies 
b> lack of noui ishment. Has,sell)i ing ( ItWXi. 1 12), from stiuiies of Gloco- 
Jridiificniiin Berk., bi'lii'ves thi'in to be adlu'sion organs eluring 
early stage's eif infection, tind thinks they are' formed as a result of contact 
i^tiiiiuli eit the' ge'i'in tube' but lecse' this peiwe'r e)f re'acting in nutrient meelia. 
lb' 'alls attention tei the* iire'si'iii'i' eif ;i ge'rm [xire in the flattened side, 
tliioiijih whie'h the ge'rm tube irreitrueie'S eluring germination. He finels 
|be appressoriu mue-h meire' re-sistant te) elesice'ation than the spores, 
■dgi'itein (1010 21) finels ;ippre's.se)ria irrerehua'el in nutrient meelia. often 
Hill in contae't with the* gla.ss eir any soliel substance; anel in this species, 
GAldulrichum limUinulliianum, the “germ pore” is often lacking. 
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Gardner (1918:21), in his spore-germination studies of Colktotrichim 
lagemrium, concludes that a rather abundant supply of oxygen and 
a contact stimulus is necessary for appressorium formation, and that the 
presence of food material does not seem to inhibit such formation. Dpy 
(1919), in his studies of C. lindemutkianurn, states that appressoria are 
formed whenever the germ tube comes into contact with a hard fondgti 
substance which acts as a stimulus for their formation. He found no g('rm 
pore in the appressoria observed, but noted that the germ tube arose 
from the side in contact with the glass. He observed the appressorium 
to be sheathed in a mucilaginous coat, which aids it in becoming attachod 
to a foreign substance so firmly that even a jet of water fails to dislodge- it. 
In all the cultures made in fresh nutrient media, the germination was 
rapid, the germ tubes were as large, or nearly so, as the spores, few or no 
appressoria were formed, and the subsequent development of the mycelium 
was luxuriant; while in water cultures, the germination was slow, the germ 
tubes wore much smaller in diameter, the production of appres.soria was 
abundant, and sulxsoquent development of mycelium was scanty or there 
was none at all. It i.s true that appres.soria were commonly produced in 
nutrient media that was loecoining somewhat dry and hard, as occurred 
soon when only a little was poured into a petri dish. When a miirii-nt 
medium is poured over a water culture, as suggesttui by Hiusselbring 
(1906), the appres-soria genninate within a few hours and produce a rich 
mycelial growth. 

Mycelium and spore production in culture 

Under favorable conditions for growth, the germ tulx* branches to furiii 
hyphae, and these in turn, by further growth and branching, dc-vi-lop 
within forty-eight hours into a mycelial mat often one millimetn in 
diameter. In three or four days conidia are produced at the end- "f 
the hyphal threads. In several agar cultures in this experiment du-y 
were produced abundantly on .short threads within twenty-four limirs. 
They are formed hy the constriction of the wall near the extrendiv ef 
the hypha. spore thus formed is pushed aside and the hypha eloni! it(S 
to about the .same point, when constriction again occurs. In this way 
several .spores are formed from a single branch, and can lx; seen I'-ing 
side by side or piled in a heap at the end of the branch (Plate III 
Atkin.son (1895:309) oljservcd conidia lx;ing produced directly on d'C 
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lofe, and in the writer’s cultures this condition was frequently met. 
[kinson found that the ends of the hyphal threads have a dichotomous 
jpi amticc, due to a branch just behind the growing end overtaking 
p primary thread, and that a plumose tuft is produced by this dichoto- 
oiis branching taking place successively in the same thread. 

The mycelium, which at first is white, will become dark-colored after 
prowth of several days in a starch-containing medium. This is especially 
)ticeal)le with the growth in potato agar and bean agar and on sterilized 
an pods. A culture four or five days old shows a dark center with 
[It' white mycelial growth at the margin and aerial mycelium developing 
er the surface. As growth continues, dark-colored knots of mycelial 
reads appear scattered from the center outward, and above these darker 
rts of the culture, flesh-colored masses of spores (acervuli) begin to 
produced if the culture is in good condition. Dey (1919) finds that 
cornmeal agar cultures these spores are surrounded by small dark 
iiips. (Jn sterilized bean pods inoculated with spores kept at a tem- 
rature of about 22° C., there is a rapid growth of mycelium which in 
•0 d;iys begins to darken and after three days produces spores in acervuli. 
six days the pod is covered with a pale salmon or pale flesh-colored 
iss of sjiores. C'ultures kept for a long time or at unfavorablj’ high 
inpenitures lose their power to develop spores in this way when trans- 
red to fresh media. Commonly, they develop only a slow growth of 
lite mycelium. Spores will usually be produced if the mveelium turns 
.rk. 

\ iuhi iuul Pacottet (190.a), from a study of CoUetotrichiim Unde- 
uthi'iiinin in culture, report the production of spermagonia, pycnidia, 
st'<, yeasts, ;iiid sclerotia, tis well as conidiophores, similar in most 
spects to tho.se produced by Maiujinia nmpelina, another fungus under 
eir observation. Shear and W(X)d (1913:6-4) say yeasts have never 
eumd in their cultures of Gloeosporia except where they were evidently 
'i>taimn;itions, and they have never observed the prorluction of sper- 
apn.iiia or pycnidia by these fungi. No other writers in speaking of 
tnuthuinum or related forms have mentioned the production of 
)di(s of th('se kinds, except that Edgerton (1910:10) reports having 
xc biund lyvcnidiii-likc Imdies in the tissue of the l)e.an seed. 

1 ' nipcrature is an important factor in the development of the fungus 
'oimection with its host or in culture media. Edgerton (1910:29) 
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found that the fungus diet! in culture at Baton Rouge, Louisiana, (iurin, 
the summer, even when frequently transferred to fresh media, and l,,,, 
(1915) showed that the temperature requirements for this fun>>iis j,* 
lower than for other anthracnose fungi, the optimum being ahoiu 22 
to 23° r. though there is but little difference in growth hetween l!b a,,j 
26°. Edgerton gives the maximum as about 30° or 31° C. The gnmil 
at optimum tem[X'ratures is between 3 and 4 millimeters a day. iMiiiui. 
(1917:9-11), after subjecting test-tube cultures of oltl myeeliuni id, 
water bath at 6.5° C’. for ten minutes, found that good growtii could ir 
be obtained but that the thermal death point of young mycelinin lid 
between 50° and 52.5° ('. and that of spores between 45° and 4S° 

The writer endeavored to determine the minimum, optimum, ani 
maximum temperatures for growth and production of spores. Poi;it, 
agar plate cultures of two physiologically different strains of Colletolnd u 
lindemuthianum were kept for a few tlays at 2.5° C.. after which Mmli 
of agar 3 millimetei's in diameter of each strain were transferred to pLi:' 
of potato agar and corn agar and to tulx's of sterilized bean pods. TIi-, 
temperatures (centigrade) at which the cultures were placed wre, 
respectively. 0°, 1°, 10°, 16°. 22°. 28°, .3-1°, 40°, 43°. Two cultures of end 
strain in potato agar and two of each in corn agar were placed at cad 
of the.se temiwratures on .April 8, 1914. The growth made by tln'iiii 
shown graphically in figure 12. 

It is seen that the average growth during the finst six days was lis' 
than on the eight .succeeding days at the temperatures 4° and 10 < 
but was greater at teinixTatures above 28° (Irowth was pniOall' 
checked during the first day or two at the lower temperature.s by a': 
abrupt transfer from a warm room, but was re.sumed to .some extent i.d '’. 
While the growth was no doubt checked by the transfer to th(' liiiili't 
temperatures, and ceased altog<‘ther after a few days at 34° and nlic'.c. 
yet .some growth was possilde during the first day or two becaiM ili' 
temperatures then ranged l)etween romn temix-rature, at which the ciiloi"' 
were started, and the higher temperatures. The figures giving the mnci.il'' 
growth on the eight days following the first six represent more nciib 
accurately the actual growth that occurs at these tcm[X‘rature.s undi 
these conditions, (.'onsidering, then, tin; curve rr'pre.senting such ginuib 
it ap[K'ars that the minimum ternpr-raturo for growth lies at 0 ■ 
optimum at 22°, and the maximum at 34°. As a matter of fai b tl'' 
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ninimuia lios somewhere between 0° and 4° C., the optimum near 22°, 
111,1 the maximum between 34° and a few degrees lower. This corresponds 
^(n\ elosely to the observations of Edgerton (1915:254). The corn agar 
ji'iniilted a little better growth than the potato agar. 

I’he growth at 4° C. was white, with considerable aerial mycelium 
II most cultures. After four weeks a growth of from 25 to 35 millimeters 


til 

a 



12 . CURVE OF OROWTH OF TWO STRAINS, A AND B, OF COLLETOTRICHUM LINDEMUTHI- 
ANUM AT varying TEMPERATURES 

riu light nirvos growth in i>otato agar, the heavy tairves crowth ui ei>ri. agar The dottO'H 

IT «>- roprc-int average growth per ilav during the ftrht six <lay'*. the •'traigiit lim'", average growth per 
i.i> huriiig {lie fiillnwmg eight days The temperature I8 CTpre^'*e«l m liegri'C** eentigraile 

ft as attained, and an olivaceous color, with s|»ore production, was noticed 
in a low agar and bean-pod cultures. S|>ores were produced in al)undanee 
an bean pods at 10°, 16°, and 22° in six ilays. and but sparingly at 2S°. 
As alroady state'll (page 121), l)ean ixmI cultures kept at 22° C. have 
hoon found to give a rapid and abundant production of spores when the 
fungus was in a sjxire-producing condition, in hundreds of cultures made 
by the writer. 
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The relation of growth of this fungus to acid and alkaline media It 
not been studied by the writer, though he has observed that not ; 
good growth is secured when the fungus is cultured in a potato-ag 
medium made acid by the addition of one drop of 50-per-cent lactic aei 
to 10 cubic centimeters of medium, as when such acid is not aildd 
Edgerton (1910:28) records a fair growth of Colletotrichum lindemuthiwm 
at —16 Fuller’s scale, excellent growth at -1-5, and only slight },Tnini 
at -1-20. Glomerella gossypii (South.) Edg. grew better than did (’olkk^ 
trichum lindemuthianum in the more acid media. 

The ascogenous stage 

The ascogenous stage of many anthracnoses has already been found ij 
nature or produced in culture. Klebahn (1905) has shown that tlf 
Gloeosporium causing sycamore anthracnosc is a Cinomonia. lie ab 
(1907:65) found the perfect stage of Gloeosporium ribeJi (Lib.) M. (t D, 
causing an anthracnosc of currant leaves, to be a P.seudopeziza. Riirt 
holder (1917:164) discovered the perfect stage of Gloeosporium mu 
Speg. on raspljerries to lx; a Plectodiscella, which he named P. niuk 
Burkholder. Genera representing perfect stages of other Gl(x;ospoi ia thjl 
have been reported (Stevens, 1913) are Glomerella, Gnomoniella. (Ino 
monia, Trochila, Physalospora, and Calospora. Mo.st of the antluaciinif 
fungi parasitic on fruit.s and herbaceous plants, including the one on In* 
belong to what is known as the Glomerella type, that Ls, their peifi'f: 
stage when found is of the type of the genus Glomerella. Even in thf" 
imperfect stage they differ somewhat from the other forms. Ivliinri™ 
(1908:. 384) has pointed out the following important differences, 
others of minor importance: 

Glomerella type I Cnomonia and Pseudopeziza opi' 

.Spores oozing out a.s a pink mass .Spore mam white, eream-colored, "r m II"* 

.■Vpprfsisoria produced in certain cultures under No appremoria obmrved 
certain conditions 

Mywlium in culture varying but little in Mycelium in culture var3dnK in d uneW 
diameter (at least in Gnomonia type) 



Bean Antiiracnose 


125 


S,.nrman (1898:99-112 wa> tte ~„o.s 

fc, of a Gloro,por„,m of the ^ “* 

L,,, „oo„r„„B ,„ or i,, ,.„l,„,y. Thoao wore pkco.l i„ a new 

ho of the Gnomon, acoK wh,,* Slonem.n „a,„e,| Onomoniopsis. Sinel 
ho,, 1,0 iwrfcct stages of at least thirly-two other Gloe»po„a or Con“ 
Dfriclia have been found m nature or prodtieed in e.dti.rp Vp g n . 

e,. 8„„,„„i,.g (,^3,, ,.eao^ „ prL osetf the tre G oLtf ™ 

ilislitufed for It the name (llomerella. 

SI.,,, r ami Woo, I (1907, a aml'l,. a,„| ,909) p„j„ , , , 

,0 eot s,.y of anthr.,.„«w fongi from a largo nombe, hosG a“d 
„n„K , what they Wieve.l ,0 l,e the m,oigerous perilhecia of ColS. 
ndm, They sa, ,|,a, |igB,, temporal „re, and n.L„,^ 

, 0 ,,„ a, ots o ninelt iniiKtrtanoo „| producing Ihis .at.agp. They hold 
hat o,„v a may, a slram, or a generation is „l„ai„e,| ,!« ,i|| 
h,' l»,r„l,ee,a these „«.,v he pro.lney.l in varions a„d „m ^e« 
nnilitioiis. Jloreovf'r thev th.if • ■ ui'ense 

erithecia in sterilised corinoeai at 75” to «» 7'', ™'" 

>i,htai„ them from that strain. In a laVer piihlkmthm UOIT Hl'Tff '' 
tvtng sttnlie,! forms on („r,y.fiye .IMerent L,.^a„d h^fg “ 'u 

,i,.o''l,o*s"rr/‘‘’'" '“™s thftvl 

).st!s to Cilomerella cinguUita (>Stonem 1 S et «! t ' 

07„,or* po „:„g< ,„ere^r„:r,;e.t' 

_ ‘ Arar, those from watermelon, cueumlxjr, and squash 

logemnum (Pass.) Saec. & lioum., and the one from 

™lt. res m-„le Ll ’"'“I’"™ "'“I”’ »' torameol 

i-itl.eei,(w™ al,m:L;' l>«l' '«•»« 

it’o,t,'„.nt plate cultures m i l f *" tn'arts. or wanting. Numerous 

"flo „ ir ?h 1 »ml from 

'"' ""“fit wilhlr, ,m ^V? *™”"' “tl ttbumlanee 

r'"t tl in ,„sn,"l m o„ " r"’ I'»v 

'i'll»flt,„ ll9l5,255T*’'ih'i°r'“ 

that any peritheeial stage 
ndemuthtanum has ever been seen, and that Shew 
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and Wood were not working with a culture of the true bean-anthramose 
fungus but rather with one of the s;ipropliytic forms which Edgirton 
finds occurring commonly on old parts of bean and other plants. 'I’hosp 
forms produce perithecia abundantly, but no conidia. In hundreds of 
cultures of C. lindemuthianuni examined by him, no perithecia havp 
been found, and he thinks that until more satisfactory proof is of'fi nd 
of the presence of perithecia it is Ijotter to consider the bean anthracnose 
fungus as lacking an ascogenous stage. 

Relation of fungus to host 

Penetration of the host 

Frank (lS8.3l):51o) descrii)ed in detail t lie germination of the spore and 
the penetration of thi' liost. He says that the s|K)re, on germinatins. 
produces a germ tube, which on coming into c()ntaet with the epidermis 
of the host forms an appr(‘s,s()rium closely pres.sed against the sin fair 
of the epidermis. This either remain^ unchanged, or after a time becinnis 
thinner and colorle.ss on one side, and from this spot a germ tube appeals. 
The germ tube penetrates dir<“ctly through th(> cuticle into the epideuiial 
cell, and either fills this cell with branching hypliae or (piickly ixuietiatis 
the adjoining epidermal cells or tho.se beneath. \'oglino (1S02). fimii 
inoculations of parts of greiai liean po<ls. ob.sm-vcal the gi'rmination of tln' 
spore, the quick formation of large nuintxas of appres.soria, ;ind the proiiic- 
tion of mycelial filament which penetrated into the interior of the epidernial 
cells. Dey fl919j ha.s carefully .studied and figured this ixaietration from 
stained sections made from material emliedded in jiarafiin. He finds licit 
a peg-like infection hypha grows out from llie surface of the ai)pres.soi iuni 
in contact with the host, which mechanically ruptures the cuticidar layir 
and then brings aUiut a swelling and disintegratirin of the subcutiiiilni' 
layers — probably by enzymic action. The infection hyphiv w;i.s in vcr 
obsen’ed earlier than forty-eight hours after inoculation. The ruptuic of 
the cuticle is the result of the pressure <-xerted by tlie development of ill'' 
infection hypha. This hypha is ver\' fine at fii’st, but ri'aches a nouaul 
size while growing in the cellulose layers IkiIow the cuticle. Here, oi 
farther on in the cell, it prcxlucf-s a small vesick; from which one or laeu' 
branches arise and extend into the host ti.s.sue. As the invarling h>iil>'^ 
enters the cell, the protoplasmic contents collect around it, and later 
a collapse of the cell take.s place. The writer has never observed tins 
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peni'tiation. It seems that this is the really critical time in the develop- 
nioin (if the fungus, for it must overcome the protoplasm of the host 
cell iK'foie it can continue its development. Varieties of beans immune 
to certain strains of Collet otrichum lindemidhianum probably owe this 
imimiiiiiy to the inability of the infection hypha of the fungus to overcome 
the ivsislanc(' offered it by the protopla.sin of the host cell. The writer 
(Bunns, lOlSnoQl) has sliown that some such varieties, on inoculation 
with such a strain, liav(' shown on their pods and stems a slight but dis- 
tinct specking, as thougli the fungus had entere<l the tissue and killed 
a few cells but wiis unable to proceed farther. This specking did not 
appeal- on the jxxls of plants not inoculated. 

Once till' fungus has e.stablished itself within the host cell, the hyphae 
extend horizontally and diagonally into other cells, jienetrating the cell 
walls of the host as they come into cont-ict with them (Plate II). 
In sdine cases the hy])hae enlarge when in contact with the cell wall, and 
a small hole is formcHl throut^h which projects a slender tulx? that at 
once enlarges after i)a,ssing through. .As many ius twelve hyphae have 
been ob.servcd pc'iud ratitig a single cell (Plate II, 4). (Irowth within 
the host is rapid, particuhirly if the tissue; is young and tender. The 
protoplasm of tlu- host ci'll is killtMl and turns brown soon after l)eing 
atiaekeil. The walls collapse, and after from four and one-half to seven 
da\s a lesion may be observed on tlu' surface. 


Ihere si'cins to 1 k' a great dilT(>renc.‘ of opinion ;xs to the length of the 
peiind of incubation. Frank ( ISS.'Ia BB) noticed the lx>ginning of a 
browning of tlm ('pjd(>i-niis at separate ]K)ints on the pxls twenty-four 
hours alter inoculation was made, d'his browning had extended by 
the following day, and five days after inoculafion Frank obtaineil the 
pisl >poi-es in the ikuv lesion. Scribner ( ISSS) states that the cells lx;come 
[b-cnlond almost at once aft('r the hyphae (>nter. llalsted (1892:284) 
uuml a -^poi on an otlawwisi' healthy isxl thirty-six hours after inoculating 
h til the laboratory under the most favorable conditions. Pammel and 
mg 11 ) 0 . 1 ) report having obtained an anthracnose sjwt thirty-six hours 
1 ti I inoculation. Dey (1919) claims (hat early six'cking aijpcars on 
t I»'d when taj) wafer is .substituted for infection drops, and thinks it 
’t' til osinoiie disturbances. Ivlgerton (1910:14) finds from inoculations 
' "ti plants in the greenhou.sc' and in the field that the period of 
* ' ’^bon ranges from four and one-half to nine days, depending on the 
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weather and on temperature conditions. The writer’s numerous ol)ser- 
vations are in accord with this as regards the production of typical 
anthiacnose lesions. Temperature appears to have some influence on 
the length of the incubation period; also, the period varies considerably 
with the different varieties of Ireans under the same conditions. Schaffnit 
(1920) finds that the incubation perioci, anti also the period between 
inlection and spore formation, differ with different varieties. 

Reproduction of the fungus udthin the host 

At about the time when the cell walls collapse to form a canker, oi 
even earlier in many cases, the mycelium at certain points develops 
abundantly in the epidermal cells and in those just beneath, forming a 
stroma of closely crowded, many-soptato hyphac. The host crdls at thc'sc 
places are so flattened that it is diffievdt to observe them (Plate II, 2i 
From this pseudoparenchym.atous tis,suo arise .short, more or less erect 
conidiophores, from 15 to 20 m long and from 4 to .5 g broad, at the apev 
of each of which is bonte a small conidium rounded at the to]> and driiwn 
out to a point at its attached end. This conidium enlarges somewhat 
trefore irecoming detached. The conidia arc formed by the constriction of 
the upjter end of the conidiophores, as deserit)ed in connection with ger- 
mination in culture media. Spore after spore is produced by tire conidie- 
phore; the cuticle, which has b(>mi pushed up to form black pimples in 
the canker as the conidiophores elongate, is s(X)n rupturi'd, and the spon^ 
emerge in a gelatinou.s pink ma.ss (Plate I, 1) Fiank (IHSdb: .old) dr 
scribes the formation of the stroma and thi> production of spores envelop' d 
in slime, the rupture of the cuticle, and the behavior of the s|)ores thereaft'-r. 

The.se first acervuli formed at the center are followed by the productimi 
of others as the lesion enlarges. In a single lesion there may be fif'v 
or more acervnili, in which thousands of sixrres arc produced. Edgerl'n 
(1010.12) estimated that on a badly sp<jtted po<l, from llO.OOO.tMX) Oi 
1 15,tKX),()()0 spores hafl l)een produced. After wa.shing thesrr off and 
placing the prxls in a moist chamber for twenty-four hours, he found tli.ii 
about .aO.tXKJ.OtK) morf! s[X)res were pro<iucecl, and he coneludetl that a tolnl 
of from 5(K1,(XK),(KX) to l,tXKJ.(KX),(100 sjxrres may rievelop on some pod> 
If the weather remains moist and emd, the conidiojdiores will contiinn- 
to produce conidia; but during dr\' weather the spore masses harden 
down over the acervulus and s[K)re fonnuticui ceasf^s. 
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As the acervuli Ix'como older, long-pointed, brown, septate hyphae 
Isetac') are produced here and there among the conidiophores and often 
m a ring near the margin. Tliese range in length from 30 to 90 ix. Some 
tap('r evenly to a point from a base 8 to 10 g wide; others have a bulbous 
base, which Beach (1892:319) reports as being often many-celled; many 
do not taper evenly but are swollen near the septa. They vary in number 
from a few to as many as twenty in an acervulus (Plate I, 2). Black 
stromata made up of dark-colored lu'phae are produced on the surface of 
(lead areas of halves spotted by anthracnose and on the surface of dry 
pods, .and these invariably support setae. Setae arc abundantly formed 
also in ohl agar and bean-pod cultures. Frank (1883b:. 517) found them 
in h'sions on bean pods, and describes them as sterile, brown, hair-like 
appimdages of the fungus. 


Thv fungus in the seed 

Tli(' fungus passes the winter in the seed as mveelium Iving within 
the cells in a more or less dormant condition. It may Ih' confined to 
the cells of the sca'd coat, but in badly diseasi'd si'cds it occurs in the 
cadis of the cotylclon. It exi.sts there as vacuolate, closely septate, 
hyphae, from 3 to '■> n in diameter, which are wound alx)ut in the 
cidls or extend diagonally across into other cells. It may occasionally 
be fonnd as a cobwebby growth lietween the seed coat and the 
cotyledon, or even between the two cotyledons within the seed. Frank 
(lSS:tl) ;-)'20) found sport's protluced in lesions of the set-d, Scribner (1888) 
says that spores and bii.sidia may Ik- found betwi'cn tt'sta and eniliryo, 
and Ilalsted (1892:28,5) found them borne in the cavity Ix'tween the 
cotyledons of the disea.sed dry st'cd. Halstt'ti calk'd attention to the 
rapid growth of tin' fungus and to the pnxluction of spores on tlu' di.seasetl 
si'ctl when it is plant'd unih'r a Ix'll jar. Edgerton (1910:10) imtes that 
aeeivuli are often prest'ut on the surface of the spots and between the 
eolyletlons, and finds peculiar closed pycnidia-liki' botlies burietl some 
'listaiictt bt'in'ath the surface of the liean. 


f tain (1898) has shown that the density of attacked seeds may be lowered 
as much as 4.7 pi-r cent. Muncie (1917:37) states that badly atTected 
stttl vvill remain on the surface of a solution of soilium nitrate of given 
concentration, while slightly affected and clean st'ed will sink in it. 
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Tile viability of the seed also is affected according as the mycelium 
has or has not penetrated beyond the epidermis which protects the embryo, 
Gain (1898 and 1899) says that 10 per cent of the affected seed planted 
did not germinate, 8 per cent germinated but did not grow, and 36 per 
cent, although affected, were vnable; while 46 per cent having only the 
integument but not the cotyledon affected produced healthy plants, as 
the fungus cannot produce fructifications unless it has penetrated into the 
cotyledon. Seed affected to one-twentieth of their volume are not viable. 
Gain says also that the disease can be quickly communicated from one 
seed to another by contact, or by inoculation with spores. Halsted (1892) 
states that only half of the diseased seed germinated, and those that did 
genninate produced plants of a sickly nature. Observations made hy 
various other workers seem to prove that affected seed germinates poorly. 
The exfierience of the writer indicates that the percentage of germinatiim 
of anthracnose-affected seeds is dependent mainly on the tissue affecti d 
and the area of the lesion. If the embrj’o or the tissues near it are affccti d, 
the seed usually will not germinate. When conditions are far from 
optimum for germination of l^ean seed, affected seeds often do not 
genninate, but neither will healthy seed genninate well under such con- 
ditions. The larger proportion of plants appearing from healthy si'cii 
than from affected seed under unfavorable conditions for germination 
is due to the attack of the new tissues by the anthracnose fungus and 
sometimes by other fungi as.sociated with it. Edgerton (1910:36) obtained 
a much lower percentage of gennination from anthracnose-spotted s<'ed 
planted in unstcrilized soil than from that planted in soil that had bci ii 
sterilized, due to rot organLsms in the unsterilized soil which attack' d 
such seed. He says, however, that in the latter case the great majoiii,\' 
of plants appearing were destroyed by anthracnose, while in the foriiK r 
there was greater freedom from the disea.se, indicating to him, as did olln r 
trials and observations, that rot organisms of the soil, esp<'cially a certain 
Fusarium commonly associated with anthracnose spots on seed aflfi’ 
planting, will in Louisiana greatly rwluco the severity of the anthracnose. 

It appears that when a diseased seed is placed in a fairly mokst situation, 
the threads of the fungus, theretofore dormant, renew their activit . , 
extending into healthy cells lx;yond and forming spore-bearing conidi"- 
phorcs at the surface of the lesion. These conidiophores appear fie-' 
a.s small black pimples in the lesion, from which spores issue in small, 
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pinkish, pasty masses. As already mentioned, if the acervulus remains 
(lr\' those spores harden down to little gray or brown granulations, and the 
siioros are seldom set free under such circumstances. Ordinarily the 
lesion bc'coinos wet with soil moisture or later with rain or dew, and then 
till' spores separate from one another and Ix^coinc suspended in the water. 
Soiiietiines the entire seed becomes enveloped by a moldy growth of the 
funpis and fails to germinate; but when a diseased seed is viable and soil 
conditions arc favoraide, spores may bo produced in the diseased parts 
of the cotyledons I)y the time they have appeared above ground. If the 
soil is sufficiently moist as the seed is emerging from the ground, spores 
are set free and these arc able to infect the young and tender stems. 

liihxtion of the wedlituj from offectcii seed 
Ihe plumule, consisting of the young leaves, is during germination 
aii<l for a short time thereafter in intimate contact with the cotyledons 
dig. 13). The water containing the susi)cndcd spores, by capillaritj' and 
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in other ways comes into contact with the now exposed under surface of 
these leaves. The stem may also become inoculated with spores that 
have been washed down from the cankei-s on the cotyledons, especially 
the base of the stem just below the surface of the soil, where moisture 
conditions are favorable for the germination of the spores, Frank 
(lSS3b:522) says that after affected cotyledons fall from the growing 
seedling, the fungus continues to grow in them and produces spon-s in 
great abundance which are washed by rain into the soil and bring abotit 
an infection of the plant in this way. Spattering of contaminated water 
and of soil also serves to inoculate the seetlling; this is diseussc'd more 
fully later. 

Dipping seed in a suspension of spores just before planting will bring 
about an infection of the cotyledons and other parts of the si'eillings, as 
has been shown by Edgerton (1910:41) and verified by the writ('r. (Iain 
(1898) proved that the soil can become contaminated and serve as a 
source of inoculum. 

Seeds planted in .soil to which water containing spores of tin’s fungus 
is applied will also produce infection. On August 22, 1910, thirty-six 
clean l)ean seeds were planted in twelve pots and watered with a susixnision 
of spores of Colktotrichum lindemnlhinnum. .Vs a check, six .seeds wen' 
planted in two pots to which water without si)ores was appli('d. On 
Septemlx-r 0 thirty-mie plants had apioeared in tin* twelve jjuts. of which 
thirty, or 90.8 (X’r cent, were infected. None of tin’ six plants that appeared 
in the check pots were affecte<l. On .Vugust 30. 1910, fifty clean seeds of 
the variety flolden Refugee were planted in a fhit in cleati soil, atid water 
containing spores of C. lindemulhidnum w:us poureil over tla; surface 
until the soil was wet. On September 9 forty-nine plants had apjx'ared, 
of which six showed anthracnose lesions. No later observations were 
made. 

Lonrjevitu of fiunjus in soil 

In order to find out whether spores washed to the soil would remain 
viable over winter, the following exjjerirnent was ciirrif'd out. On 
Novernlwr 27, 1910, twentj'-five 8-iiich jjols were filled with loam and 
sterilized in the atitoclave for three hours at twenty pounds pres.sure. 
On Deceml>er lo, fifty test-tube cultures of C. lindemulhiunum grown on 
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stoiilizptl bean pods wore placed in 4 liters of tap water and the spores 
^vi'iv washed off. The suspension was then filtered through a mat of 
alisorheiit cotton to eliminate fragments of plant tis-sue. Twenty-one 
pots of soil were inoculated by pouring over the surface of each about an 
P(|ii:il portion of the suspension. There being some of the suspension 
left over from the first application, a <loublo portion was applied to three 
pots. Four pots dill not receive any spores, and these were labeled Checks. 
Several thieknes.ses of cheesecloth were tied over the top of each pot and 
the pots were placed outdoors. In the course of the winter and spring, 
the ])(its were taken into the greenhouse and planted with Davis White 
Wax. a su.sceptible variety, the seed used having come from healthy pods 
and having been carefully sorted. Twenty-five seeds were planted in 
each pot. .Vfter the beans were planted, unused sphagnum was placed 
ovi'r the surface to the depth of an incli to keep the surface of the soil 
ill a moist condition. At the last trial, on June S. four of the pots were 
inoculated again with a fresh suspension of spores a.s a control. The 
results are given in table 3. It was thought that the pots planted on 


T.Utl.K :i Rf.sci.t.s Obt.vinki) iiy ('irowint. Rf.ws is Son, Tmr H\d Been Inoccl.^ted 
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TABLE 3 (continued) 


Date of 
planting 

Date of 
examination 

Type of inoculation 

; Xurn- 
! her of 
plants 
appear- 
ing 

Xum- 
btT of 
plants 
affecte<l 

Remarks 




f 23 

0 





24 

1 

5 old lesions on stem 




25 

0 





23 

0 





•> > 

3 

1 Hith several r«l(l leai'it-. 






2 With new l.-s.ons, app r- 

June 8 

June 24 

S single 



entiv Meotuuiarv infer ti n 




25 

•j 

2 with one new lesion, app ir- 






eiitly sect-rulary infect. .'i 




25 

{.) 





■ 25 

1 

1 old lesions 



2 rrk". n*'t 

^ 25 

0 




lat.U 

25 

0 






24 

Stems badlv affected 



4 recentlv inoculated 


22 

I >itto 




w 

10 

Ditto 




I 2-1 

17 

Ditto 


April 13 may not hav(> givcm iiif<-ct<‘(! |)latit.s iM'caiisc' tho siirfacr of tlir 
soil had boon allowed to remain dry for some time through iK'gleet. .\< 
no new spejies had Iktii produced to vitiate the exi>erimeiit, lhes<' pots 
were replanted on May 7. 

It would apix'ar from this experiment that a few si)ores are able to 
live over winter in the soil out<loors and briiif' about inh'ction the following 
spring. It is but fair to say, however, that the plants wr-re not in anv 
case screened from greenhou.se ins/-cts that were present, and that other 
inoculation experiments with Ih-uu aFttliiaenose wen' tn'ing condurtc! 
by other persons in another compartment of the .same house and in 
adjoining hous<'S. Thi.s may account for the few eases of disease oeeurrini: 
in the spring experimetrts. The infection is very light compared wiili 
that occurring on plairts grown in fre.shly inoeidated soil. I’nrh'r praelic.il 
bean-growing conditions the chanc<'S of infection from this source mnsi 
be negligible. 

An experiment similar to the on*; recorded .above w.as tried the followint; 
winter, the same methods Ix-ing employed. .V greater effort wa.s nnule. 
however, to keep the surf act; of the soil moist .at all times, and alsn 
un-terilized but presumably uncontaminated .sfdl, as well as sterilized 
soil, was used. On January o, I91H, all the pots were well moistened with 
tap water, soon after which a suspension of sjxtres was prjured over thi' 



Bean Antiiracnosb 


135 


^iiifixco of tho soil of those to be inoculated. Sterilized sphagnum was 
till II placed over the soil to the depth of an inch, and covers were tied 
over the (ops of the pots, .-\fter throe days some of the pots were placed 
outdoors, being set in the soil so that the tops were level with the surface 
of the ground; others were left inside the violet house, where the tempera- 
ture is kept cool. Check pots not inoculated were similarly prepared. 
At each planting made thereafter a control pot, made up of fresh uncon- 
taininated soil, was inoculated in the same manner as were the pots in- 
oculated earlier. Twentj’-five clean Ix’ans of the variety Refugee Wax 
were planted in each jiot except in the first planting, when the variety 
Extra Early Refugee was used. After planting, the pots were kept in the 
warm house. The results are given in table 4. 
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TABLE 4 (continued) 


Date of 
planting 

Date of 

examination 

1 

! 

Description of pots used 

Num- 
ber of 
plants 
appear- 
ing 1 

Num- 
ber of 
plants 
affected 

Remarks 

April 3 

April 19 

Checks (not inoculatedl: 
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24 

0 
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Pots le ft outs'de 
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0 1 
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19 
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S<»il not stonlizeti. . 

25 

0 




Soil not sterilizeii. 

IS 

0 




Pota left insitle: 






Sc'il stenliztsl 

L’4 

0 i 




Soil st* riluHi 

19 ‘ 

0 
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1.! i 

0 




Control 1 fresh s^dl uscsii- 






Ss>il inoculateil 4- 1 - In 

1(1 

: 13 

1 

Kxcellent on sterns 


It appears fairly evident that -spores of C. lindcmuthinnum removeil 
from the acervulus and remaining in tlie soil for a period of two wi'i'ks 
or. more are able to bring al)out an infection of su.seeptible l^ean seedlinns 
grown in such soil, but not after six and one-half weeks. Under field 
conditions, however, in addition to spores Ix'ing washed into the soil, 
there are many bits of plant tissue, some of which would probablj’ l)c 
infected ti-ssue, remaining on the soil after the tx'uns are harvested. 

Frank fl8S3b .o21) te.sted the germination of spores which he found 
produced in the lesions of dry seed. He concludes that spores attached 
to the basidium remain viable throughout the winter, whih; those pio- 
duced earlier anrl unattach(‘<i are unable to survive. F.dgerton (1910:2.i) 
has studied in a dilTerent way the cpiestitm of the viability of those 
sprjres. He finds that the old siwres on or within affected sf'ods are capaldc 
of germinating in nutrient media, and suggests the p<;ssibility of tho 
infection of .seedlings from healthy seeds by such sprjres, they having liocn 
transferred to the healthy seed by contact with affected ones. He finds 
alsrj that goori germination takes place in agar after the .s|iores have 
remainofl dried for thirteen days in their mucilaginous matrix or washod 
free from it, and states that some gertnination took place after twenty- 
two days had elapsed. 
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Infection was also brought about, m an experiment, by placing recently 
vines or pods on or in the soil before the bean plants appeared. 
On August 8, 1910, vines of the current year badly affected with anthrac- 
nosc were placed in a flat and covered to the depth of an inch with soil. 
On till' surface of this soil, fifty hand-iSorted Refugee Wax bean seeds 
were planted. These were covered lightly with soil. The soil came from 
a neighlioring field that had not produced beans for years. The flat 
was then placed outdoors and watered once with well water. All the 
seeds produced plants, which on August 22 were not affected on any part 
above ground. On August 29 forty-two plants had appeared, of which 
thirty-five, or 83J per cent, showed lesions on stem, on leaves, or on 

both. 

On .Vugust 22 one hundred clean Refugee Wax seeds were planted in 
cli'an soil in a fiat and covered lightly' with soil. Over the surface was 
plaeial a (luantity of immature po<ls badly spotted with anthracnose and 
prodiieing spores. Ott September 0 ninety-eight ])lants had appeared, 
of which ninety-four, or 95.9 ix'r cent, were infcctcil. 

ILilsted (1890. 280) has shown how lieans planted in ground on which 
(lisrased [tlants were grown tlie year before, gave from four to six times 
as many spotte<l pods as did Ix'ans grown on new land; ho found also 
(IsOO 288 and 1897:330) that mulching the soil with diseased pods from 
the pre-i'ding season caused an increase in the numlx'r of sixttted ix)ds 
over those in soil mulched with h;iy. This would lead to the belief that 
tlie fungus is capal)l(' of living over winter as sjxtrcs in the soil or as sixjres 
01 ’ mycelium in the discaised po<ls. 

Observations were made each year from 1910 to 1914 to determine 
whether .soil which the iirect'ding year h.ad produced plants badly affected 
with anthracnost' could serve as a source of inoculum to seedlings. 
Healthy seed planted in such soil gave in every instance seedlings that 
were free from anthracnose and remained so for a considerable time 
afterward. 

lests were m.ade to determine whether the fungus can live over winter 
>'i old podf5 ;m,l vines. Badly s{X)tted pods stored in paper sticks in an 
were found during the late winter and early spring to jxissess a thin 
I'lek inycc'lial growth over their surftice outside of the old lesions, and 
i-'attered thickly in phices on this growth were small black bodies 
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resembling pycnidia as viewed with a hand lens (fig. 14). A section through 
these bodies examined under the microscope showed them to be conipai t 



Fig. It. ' vpRoi-iiVTrc dkvei.opmknt of anthrvcvo^e ov ■ii RKvci; of 

DRV POOS 

acervuli containing a large, numl>er of setae. The conidia, present m 
large nutnlxirs, genninated rea<lily in a nutrient solution, and when hoaltli> 
plants were inoculated with them anthracnosc lesions appeared. Tin 
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growth seoms to be of a saprophytic nature, as the pods were dry when 
picked and at that time none of this growth was observed. Other isolations 
of C. hndemulhianum have been made from dry bean pods from time to 
time, even from pods more than a year old. 

t rials were made also to determine whether old pods and vines affected 
liy aiithraenose may serve as a source of inoculum to seedlings. In the 
fall of 1911 a plot of ground where anthracnose had appeared to a severe 
exient on beans was selected for experiment. The diseased vines were 
left tiiere, and diseased vines from other places were spread on the plot, 
all being plowed umler the following spring. On June 13 a short row of 
each of five varieties was planted with seed from selected healthy pods. 
Adjoining those, one row of each of two varieties was planted with seed 
spotted with anthracnose. The seo<llings were appearing on June 19. 
In si'v('ial examinations maxle before June 25, the plants from the healthy 
seed showed no affection with anthracnose, while the young leaves of 
tlie plants from spotted seed were sc'verely affected. Eight plants from 
healtliy sec'd w('r(' found to be affected on July 1 as shown in table 5. 

1 Ills may have la'en due to s('condary infection. The order in which the 
vmiciies apiMjar in the table is the order in which they were planted in 
till' plot , 
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tSeed planted on June 1.3, 1012; data taken on July 1, 1912) 
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lili ohsenalioiis were nnide each year jts to the jxLssihility of infection 
^ivil ings fro,,, overwintertHl vines, no further tlormite efforts were made 
niic this point until the fall of 1915, when a scries of exjK'rinients 
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was planned with this end in view. In these experiments the beans 
were planted in soil in ordinary greenhouse flats. Each flat w;is numbcn il, 
and the conditions involved in the case of each arc given herewith. Seeds 
from healthy pods were used for planting each flat except flat 2, for which 
seeds spotted with anthracnose were used. 


Flat 


Description 


1 

3 

4 
a 

6 

7 

8 , 

9 


: Clean soil 

I Clean soil. Seeds spotted with anthracnose used in planting 

I Contaminated soil 

Contaminated soil sifted to remove particles of bean tissue 
Clean soil. Diseased vines and pods from crop of 191.3 obtained from discsM' 
garden, broken up and mixed with soil in flat 
Clean soil. Diseased vines and p)ods from crop of 191,3 obtained from di.-ca'i' 
garden, placed on surface of soil and removed as .seedlings were apix’anm; 
Clean soil. Diseased vines and pods from crop of 191 j obtained from di.se.is' 
garden, placed on surface of soil and left there 
Clean soil. Disea.sed vines and pods from crtjp of 191.5 kept in .see<l hoii'''. 
placed on surface of soil and left there 

I Clean soil. DLseased pods from crop of 191f> kept in seed hou.se, plactsl on 
surface of soil and left there 


The clean soil funcontaminated by C. Unrlemulhi(inum) used was taken 
from a field where no beans had ever tx'on grown so far as was known, 
but it was not sterilized except in the bust exjx'riment, when it was thouglii 
to lie contaminated with spores. The flats, unless new, were sterilizdl 
with steam. The contaminated .soil camt; from places in the disi'a.se garden 
where Ijcan plants badly affected with anthracnose had grown in lOl'i. 
Ordy the surface soil to a depth of from two to four inches was used 
In the first experiment Ixith sifted and tmsifled soil was u.sed, but llieie 
after all contaminated sml was pas.s«'d thrtnigh a rather fine sieve in ordi i 
to remove particles of tx?an-plant tissue as far as |X).ssible. 

The healthy see-d use-d was sedected from clean jxxls, and in all but Iwn 
experiments (II and Illj it was immersed for three* minutes in a 1 KKHi 
mercuric chloride; solution anel afterwarel washe-d in tap w.ate'r. 'I'liis w.i' 
elone tej ek*stroy any six>re-s of C. lindemulhinnum th.at might peessibly I"' 
pre.seTit. The affecte-el se-ed was elisinfe-cteal in the .sjune* way as was tin 
lie*althy se;eel. Hee-el see baelly elise-asoel that it coulel ne)t germinate vv.i' 
not useel. The afTected seed used in each exix;riment was e)f the sanu 
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variety as the healthy seed used. Davis White Wax was used in all 
(.\c])iiiin('nts except Experiment IV, in which llefugee Wax was used. 
Pile old viiK's and pods affected hy anthracnose were of several varieties 
aiul no attempt was made to keep them separate. Most of them were 
will covered with anthracnose lesions. Caro was taken to remove all 
s'cds, even shrivi'lcd ones, from the pods. The vines and the pods left 
in the fiardcn over winter were much overrun with numerous saprophytic 
fiinai and were somewhat decompose<f l)v sprinj'. Those kept in the seed 
liouse were as intact as they were' when placed there. 

In setting up an experiment, for example Hat (i, the soil was first placed 
in th(' flat, thi' si'ed was then disinfei-led ami i)lanted usually in four or 
live rows to ;i flat, the vim'S and pods wi're placed over the surface to a 
d('l)tli of about OIK' and oiu'-half or two inclu's, the flat was placed in the 
gn i'nlioiise, and tap waK'f was siwinkled oi> it until the soil was s;rturatcd. 
Unused sphagnum was placed over tin* flats unnmlchi'd by pods or vines 
in the case of Uxpi'iiinents V and VI. Each fliit was jtrepan'd separately 
and ('vi'iy precaution was taken to avoid contaminating om' with another. 

'Phi' temp('r!itui('sat which the ilals w(>rek('pt in tin' diffc'n'nt ('xperiments 
varied c<insiderably, l)ut whc'ii itossible they w<'r(' kept betwet'ii 65° and 
70' !•'. 'Pliis was doin' in ordi'f to favor th(' fungus and ix'nnit infection 
to take' p!ac('. and for this n'a.son also the flats W('r<> watered mori' profinsely 
than is liest for good germination of bean set'd. .\s a result the germination 
was very poor in some instanct's. 

liccords giving tin' exti'iit of affi'ction are not included In're as they 
are all very much .dike. On m'arlv ev<'rv plant tin' stem wa.s affectcel 
with one or mori' lesions, and often these occurred onlv at the surface 
nt the ground. few plants had lesions on the h'aves. Li'siuns on coty- 
ledons coming from tin' spottol siH'd usecl in flat 2 were not considered. 

1 lie i-ecord.s were usually taken in alniut thr<'(' weeks or less after the 
experiment was s('t up, in order to gt't them befort' secondary infection 
ociurred. 'Plu'rc is no doubt that s<'condary infection did occasionally 
occur. 

I hese experiments, thi' result.s of which are shown in table 6, cannot 
be I'cgardi'd as idi'al. The ix'sults obtained in some ca.st's — for example, 
belli flat 1 in Exiteriinent II — may .si'c'in to east doubt on tlu'ir reliability, 
but whi'n th(' ('ntire .si'rii's is considered, there can bt' no doubt that thi' 
" suits show the possibility that old beau pods and vines serve as a source 
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TABLE 6. Results of a Series of Experimen s to Determine Whether Contaminated 
Soil or Anthracnose-affected \'ines and Pods of \'arious Aoes Can Serve as 
A Source of Inoculum to Bean Seedlings 


Experiment, and date when set 


I 

Nov. 24, 1915. . 


n 

Dec. 29, 191o . . , 


III 

April 28, 191t5. . . . 


IV 

June 7, 1916 


V 

Nov. 10, 1910. . . . 


VI 

June 13, 1917 ... 




Plants affected 


Number 



Flat 

of 

. 



plant.s 




appearing 

XlllulllT 

Per cent 

1 

12 

0 

0 

■) 

47 

12 

26 

i 3 

24 

0 

0 

4 

35 

IG 

46 

1 ^ 

24 

19 

79 

i 

17 

15 

,8.8 

7 

14 

14 

100 

1 

44 

11 

25 

•> 

26 

16 

()2 

; 4 

45 

0 

0 

I 5 

47 

31 

()6 


24 

21 

88 

7 

4s 

28 

.5.8 

1 

35 

0 

0 

•> 



48 

4 

41 

0 

0 

' 5 

.32 

0 

6 

t> 

2.5 

5 

21) 

7 

:K) 

4 

13 

S 

bS 

15 

.85’ 

1 

38 

0 

n 

•> 

• >') 

21 

n.> 

: 4 

.37 

0 

0 

5 


2 


i 6 

;j9 

1 


! 7 

39 

35 

‘Ml 

8 

.38 

34 

Vl 

! 1 

31 

0 

0 

i “ 

26 

22 

.8.5 

, 8 

31 

31 

100 

9 

3S 

38 

1011 

f 1 

8 

0 

0 

2 

17 

9 

5'' 

1 * 

12 

0 

.50 

[ 0 

72 

34 

47 
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of inoculum for the infection of bean seedlings. Apparently soil that is 
devoid of affected bean tissue cannot serve as a source of inoculum for 
more than two or throe months, or is not an important factor in bringing 
about infection oven though a few spores may live over winter in it. 

In order to determine whether old affected vines and pods can serve 
as a source of inoculum under conditions prevailing out of doors at planting 
time in the spring, Davis White Wax beans were planted on June 10, 1916, 
in clean soil in the disease garden; that is to say, in soil in which beans 
had not been grown since 1911, at which time they were badly affected with 
anthracnose. Four rows, with forty hills to a row anti five seeds to a hill, 
were planted in the following m.anner and with the following results 
(recorded June 26): 

Row 1. Seed spotted with anthracnose planted. Xo mulch used. 
Only fifteen plants in six hills were alive, all of which showed affection 
with anthracnose. 

Row 2. Clean seed planted, and hills mulched by placing over each 
a handful of old affected vines left outdoors in a pile over winter. One 
hundred and sixty-five plants api)eared, every one affected on stem or 
leaves or both. 

Row 3. Clean seed planted, and hills mulched by placing over each 
a handful of old affected vinos kept dry in seed house. One hundred and 
seventy-one plants api)oared, every one affected on stem or le.aves or both. 

Row 4. Clean seed planted. X"o mulch used. This row was about 
a rod north of the others. One hundred and sixtj'-nine plants appeared, 
on which no infection wiis ol)served at this time. 

The weather from June 10 to June l.o was clear and warm most of the 
time and was favorable for seed germination. From the evening of June 
If) to June 21 inclu.sive it was cool and rainy or cloudy, weather very 
favorable for infection to take place. From June 22 to June 26 inclusive 
it was clear and warm. 

The.sc results plainly indicate that under favorable conditions in the 
field, affected bean pods and vines from the crop of two preceding years 
can serve .as a source of inoculum when they come into contact with 
'ccdlings of a susceptible variety of Ix'ans. Neveii heless it is probable that 
but little infection takes place from contaminated soilorfrom overwintered 
''incs that are plowed under in prep.aring the land. In these exfx'rimcnts 
special pains were taken to place a considerable amount of barlly affected 



144 


Mortier F. Barrus 


bean tissue where it would be in continued contact with the seedlings. 
In ordinary practice this would occur only accidentally if at all. But 
when considerable wet weather follows planting, infection may be expected 
to occur from contact wth old affected vines spread with manure on the 
surface of the soil after plowing, or from such affected vines as come to 
the surface after having been plowed under. 

^luncie (1917 : 15-21) carried on tests to determine whether the bean- 
anthracnose ami bean-blight organisms are able to winter over in old 
Ijean trash containing affected vines or as spores in the soil. He observed 
during the summer a small amount of anthracnose on the plants grown 
in pots where spores had overwintered and where okl anthracnosc-spotted 
vines of the second as well as the next precetling year had overwinteied. 
A greater number of plants Ix'came affected with blight in these trials. 
From these data Muncie is convinco<l that the causal organism of both 
anthracnose and blight can live over winter in the soil in disea.sed bean 
trash and as spores or bacteria in the soil, and infect the crop of the 
following sea.son. His field observations of preceding years doubtless 
.strengthen this opinion. 

Schaft'nit (1920) oldained spores with unimpaired germination up to 
February 12, 1020. from jkxIs of the harvest of the prec('iling year. Meyer 
(1910) finds the first apjrearancf; of tlie disea.se always on plants growing 
on damp ground directly where fresh stable matmn? has l>cen applied 
but not where commercial fertilizers have Ixam used. Pfeiffer (1910), 
however, believes the organism dix'S not come from manure, as he has 
observcfl the <lis<;a.se commonly on land that never n'ceives it. Muncie 
(1917:21) records inoculations made with an inoculum consisting of 
dung from a cow fed with lx?an straw infected by f. lituteinuthuinum 
and Bacterium j)ha.',eoli,])n{ staff's that lie was unalde in this way to produce 
anthracnosf! and that blight appf;are<l on only one plant. It is not unlikely 
that Ix'ans plante<l on heavily inanurcfl ground would produce so rank 
a growth that moisture conditions about them would be more favoralde 
for infection than with plants not s<j vigorous. It is also {xis-sible for the 
pathogene to bf; introduced into a field with tnanure having infected bean 
straw mixed with it. 

Furtht r uijictioii of the jilanl and .spread of the dinensr, throutjh the field 

The irioculation of thi- leavc.s, the petioles, the branches, and the 
inflorescence of the older plants occurs in the same manner as that of 
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thr si'odlinRS. The plants, being larger, are more likely to be in contact 
;\ith one another and thus make easier the transmission of the spores. 
|f the vines have a tendency to hang low and be bushy, the air beneath 
,heiii remains sufficiently humid for spore germination for a longer time 
ifter rains and dews than does the air outside. During rains the drops 
)f water on the plant run together and move over the surface, in some 
)Ia( ('s dripping from the leaf apices to other leaves and vines, in other 
jlaees running down the stem or falling in large drops on the pods, where 
jhey spread out over the surface as they strike. When wind accompanies a 
korm, the wet leaves are Irlown against one another, against the leaves 
Ind steins of other plants, or to the ground. If a plant is affected with 
.nthraenose, multitudinous spores from the various lesions become 
i?])('nd(‘d in the rain water and are c.arried as described to the healthy 
arts of the plant. The pods Irecome inoculated in this manner and in 
ther ways. 

Will'll falling raindrops strike a spore-producing lesion or a film of 
'atcr anywhere containing spores, drops of the contaminated water are 
patlerod to the ncar-liy sti'ins and halves. Faulwetter (1917), in his 
fforts to e.xplain tlie rapid dissemination of Bacterium malvacearum, 
jas made some interesting ex|X'riinents to detonnine the distance to 
water can be splashed iiy falling ilrops of various sizes. Ho finds 
hut .s|)lashing occurs only wiien drops fall on a film of water, and that 
t is tile water of the film that is splashed. A drop 0.1 cubic centimeter 
II volume falling 1(5 fi'et onto a film over a glaas plate spattered water 
Is far a.s (51 inches. A drop 0.02 cubic centiini'ter in volume falling 16 
ed during a wind of 10 mih's an hour “splashed water in abundance a 

istaiice of S feet in moilerali' <iuantities as far as 12 feet and 

I slight amounts to 16 feet,” He coucludi's that the ',x)ssibilities of 
issciuiiiation of bactc'ria in susix'iisvon in film water on cotton leaves 
;nv considerable if one includes (he distance bacteria may be carried 
foni the original lesion, tiu'u splashed up again ami carried farther, and 
t* 'Jti, mitil a dilution too great for infection is obtained.” 

bi addition to being splaslu'd from contact with falling raindrops, 
I'liitiiininated drojjs of wati'r may Ix' curried Ixidily during a heavy wind 
o hcultliy parts of the plant, and plants blowing against one another 
j^hl aid in disseniiiiaUng the spores. IVrsuns, as well as dogs, rabbits. 
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pheasants, and other animals, passing through the field when the plants 
are wet, may serve to carry the spores from one plant to another. 
Insects, although minor agents, no doubt aid in inoculating healthy 
plants. 

Gardner (1918:34) has shown conclusively that after a rain the spores 
of Colletotrichum Utgenarhan are present in the soil beneath affoctid 
plants, and that they may lx; disseminated by the spattering of such 
soil during a rainstorm. He h.as shown also that spores may lx; canied 
across a field in surface water during storms and washed or spattered onto 
healthy plants, infecting them and thus greatly enlarging the foci of 
infection. 

No field obseiwations of the spread of the bean-anthracnose disease 
were made during the three years when the writer’s field work was done, 
since the disea.se appeared to only a .slight extent during that time. What 
has been said regarding the spattering of contaminate<l water and -oil 
in the di.ssemination of the two (li.sea.ses mc'ntioncd would seem to he 
true in the case of C. lindemuthinnum. O'rtainly the similarity of this 
organism an(.l C. lagenuriuin in the matters of siK)re production, character 
of spores, and method of infection, would lead to tlie conclusion that the 
means of flissemination and inoculation shown in the case of the cucumhci- 
anthracnose organism would exist also in the ca.se of the bean-anthracnose 
fungus. 

Infection of seerls 

The appearance and extent of the canker on the seed, and its progri s.s 
from pod to seed, are descrilx'd on p.ages 107 and 111. As the jxjd niatun s, 
the seeds within prepare for a resting period. The cells, now packcl 
with re.serve food, Ixtcome denser, rlrier, and more capable of resisting 
flccay. The mycelium of the fungus within )hc cells of the .seed al.-^o 
becomes less active, anrl possibly entirely dormant. It renews its growth, 
however, at conditions of temperature and humidity to which the cmbiyu 
of the seed responds but slowly. There is probably very little activity of 
the fungus in seed stored in a dry place. Halsted (1892:28.5) and othcis 
report having found viable spores on and within spotted seed stored in 
such a place, and the writer has often so found them. The acervuli were 
black and dry, and it was not ascertained whether spores were being 
produced untler such conditions or whether they wen; produced carli' i 
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will'll thp sood was in a more moist condition. Just how long the fungus 
euii live in old seeds has not l>een determined, although cultures were 
obtained from seeds two years old. 

Infection studies 

of plants of different ages to infection 
but little evidence has been presented by investigators concerning the 
susceptibility of plants of different ages to infection. Frank (1883 a; 34) 
and others find that young and half-grown pods arc more susceptible than 
older ones. Edgerton (1908:397) remarks that the young bean plant is not 
readily infected, but his later work (1910:41) indicates that he had but little 
trouble in securing infection on seedlings. Cook and Taubenhaus (1912: 
40), noting a correlation in this first statement of Edgerton’s with results 
which they had obtained on young fruits of apple and pear with several 
(doeosporia attributed by them to the presence of an enzyme capable 
of forming a tannin-like body toxic to fungi, tested the oxidizing power 
of the (uizyme present in the bean plant at various stages of its develop- 
tnont and found that tlu' oxidizing pow<*r is greatest in the young bean 
plant, is small during blos,soming and the formation of young pods, is 
large again wlien the plants have large gnam pods, and decreases again 
when the ])od.s an' yellow, .\fter imiking numerous inoculations on plants 
at all stages of growth, the writer is convinced that a young bean plant 
is more susceptible than an older one, and that young parts are more 
susceptible than older parts. An exjx'riment w:is made in 1910 in which 
Kefugei' Wax Ix'ans were planted at intervals of seven and eight days 
fhi''ughout the si'ason, beginning on June 27 and ending on August 22. 
In tile evc'iiing of August 31, three days after the beans last planted ap- 
l'"aied, all plantings were inoculated by spraying a susjx'iision of spores 
'oei all parts of the plants. During the following day the plants were 
liiiiti'cted as far as possible from drying out by placing wooden boxes 
over the hills. When observed six days later, all the seedlings were badly 
’'■hiieil and some were dying. Good infection was obtained on the 
.M’Uiigei leaves and petioles of Ixrans planted one month earlier, but 
'kl.l infection on the oliler leaves. 'I'hose planted two months earlier 
•‘"'1 Iiaving some mature prxls were only slightly affected on leaves and 
,1 I'ut good infection was obtainori on young porls. The nearly mature 
I-J( s Slowed no evidence of infection. The writer has always obtained 
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good infection on pods of suscoptihle varieties when inocuiated nndfr 
favorable conditions for infection before they passed their brittle, or 
“snap,” condition. 

Susceptibility of different parts of the plant to infection 

As mentioned in the preceding paragraph. Frank ( 1883 a) says that youns; 
bean pods are more subject to attack than arc older pods, and this has boon 
noted also by other early writers. Frank further found the pods to be more 
susceptible than the stems, the leaves, and the petioles, although inocu- 
lation on j’oung bush beans resulted in the appearance of lesions on tlip 
hypocotyl, the epicotyl, and the veins of j’oung leaves. He found the 
cotyledons especially susceptible. Scribner (1888) states that part.s of 
the plant other than the pods and the seeds are rarely attacked. Edgerton 
(1910:42) found that when bean seeds were inoculated with spores of the 
fig- and the cotton-anthracnose fungi, these organi-sms were able to attack 
and grow in the semi-living cotyledons but did not infect other parts of 
the plants. However, the cotyledons are to be n^gardiul rather .as culture 
media than as host tis.sue. Lauritzen (1019:33) says the .secondary leaves 
of the bean are more pubescent and seem to be affected more easily at 
the limiting humidities. This seems to be due to favorable humidity 
rather than to .susceptibility. Others, in writing on the subject, have 
usually described the disca.se .as occurring on the leaves, the stems, the 
pods, the seeds, and the cotyledons. The writer has found all young iiaits 
of the plant, including the roots, subject to attack, but .as they become 
older they grow more resistant. The tissues of the .seerlling and of the 
young pod appear to be the most su-sceptible. The epicotyl of yoimg 
bean plants of varieties showing m.arke<l resistance to the disease h.as often 
become affected when the plant wms inoculated, although the other |)aiis 
showed no lesions. In such ca.ses, resistance may be due to the inability 
of the infection tulx* to penetrate the cuticle. 

Susceptibility of different varieties of Phnseolus vulgaris L. to infection 
In a number of the treatises on bean anthracno.se, certain varieties arc 
mentioned a.s l>eing more .su.sccptible to the disease than other varietur, 
but in most ca.sc!S no inoculation experiments have Iwen conducted to 
confinn these statements. Frank (1883b:.ullj says that Lindeimnh 
obsei-ved the disease on the red-mottled Zucker-Stangenbohnen while otbci 
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varieties near by were not affected, but a few years later he found many 
varieties susceptible. Trelease (188.5), in speaking of the “peculiar 
sus(eptil)ility of the white-podded bean,” says that “it is not improbably 
connected with the delicacy of its tissues, which selection has produced.” 
Scrii'iier (ISSS) states that wax, or butter, beans — those having yellow 
p^,[g — are the kind most subject to attack, and later (1889) finds that 
no variety is exempt, not even those with green pods. McCarthy (1892; 
14) savs that wax varieties are especi.ally susceptible. Harvey (1894) 
finds the disease worse on white-podded bush and pole beans. Cobb 
(1S94-379) says that all varieties of Phaaeolm vulgaris are attacked, 
though the tenderness of the wax (or butter) beans makes them more 
susceptible. H.alsted (1898:312), after growing six varieties of beans, 
finds Green Flageolet the most susceptible to anthracnose and blight. 
Whetzel (1906) states that probably all the “rust-proof” varieties placed 
on the market will spot under conditions most favorable to the fungus. 
Tracy (1907), in his notes on varieties, records considerable variation in 
their susceptibility to anthracnose. .Jarvis (190S;162) finds that, while 
wax-podded varieties are more susceptible, some desiralfie green-podded 
beans also are affected, Edgerton (1910:49) finds a number of wa.x 
varieties with which he has been working to be very susceptible. He finds 
Valentine somewhat resistant, and Xox All highly resistant on loaves and 
steins; and he speaks of Hodson Wax as h.aving a reputation among 
growers for resistance, although he finds it somewhat susceptible. He 
thinks that observations of the amount of anthracnose on different 
varieties growing side by side is of little value in determining their 
resistance, and believes that the only way to test their resistance in a 
saiisfactory manner is to inoculate each variety with the spores of the 
iiiiign.s. Ferraris (1913) lists a few very susceptible and a few resistant 
Italian varieties. 

rho writer (Barms, 1911) has inoculated a large numlier of varie- 
ties of Phaseolus vulgaris. At the time when that work was done, no 
w iicty tried proved entirely immune to all cultures. However, it was 
disv'overed that there are at least two fonns or strains of the organism 
physiologically different from each other although morphologically and 
' Uitundly alike. Certain varieties of In-ans resistant to one of the strains 
'"■'le susceptible to the other, and those resistant to the latter strain 
'•'ic often susceptible to the former. There were other varieties that 
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were susceptible to all strains, but none were found that were resistant 
to all. Edgerton and Moreland (1916) inoculated twelve varieties of 
P. vidgaris with cultures of the pathogene from eleven sources and obtained 
somewhat similar results. The snap varieties generally were suseeptililo 
to all cultures, while the Scarlet Runner and a variety which these aulliois 
call “ Large White Kitlney ” were resistant to all. Three distinct tyjK's 
of cultures were found among those tried: one able to infect all varictios 
except the two mentioned; a second that affected the Boston Pea and 
snap beans but was not able to affect the Red Kidney to any extent; 
and a third that brought severe infection to the Red Kidney, moderate 
infection to the snap beans, but only slight infection to the Boston Pea. 
Fischer (1919:254) recortls the observations of several flerman writers 
concerning the comparative resistance of the different varieties grown in 
Germany. Some are inclined to think that the wax varieties are innre 
susceptible, others that green snap beans are. Several have observed 
that fwle varieties are more resistant than bush beans, but Fischer says the 
greater freedom of the former from anthracnose is due to their position 
on poles, where the conditions are not so favorable for infection as with 
vines near the grouiul. He is inclinetl to believe that the contradictory 
observations shf)W the exi.stence of different strains of the organism in 
the various localities. These observ'ations, anil those made by him on 
twenty varieties planted so as to Irecome infected from spotted scoil 
planted among them, lead him to believe that there is no variety in Germany 
resistant to anthracnose at all times and under all conditions. The most 
resistant variety of all appears to be Ideal Wachs-Bu.schbohne. SchalT"it 
(1920j observed the relative degree of infectioti on forty-five variclics 
of beans during 1914 and 1915 at six different localities in Germany, and 
lists a number of German varieties under e.-ich of the following headings: 
least attacked, moilerately attacked, b.adly attacked. In general he fouml 
that varieties descended from the stem “Fliigeoret” arc the most affcclcl. 
while tho.se descendcfl from Hinrichs Riesmi are the least affected; abo, 
that {Kile beans show much greater resistance than do bush Inmans. 1 las 
suggested to him the prjssibility of cro.ssing pole and bush l>ean8 in onicr 
to obtain a re.sistant bu.sh variety. This work he had not completed at 
the time when he prepared his paper. 

The writer (Harms, 19lHj reports the results of a large numlxT "f 
inoculations made on many varieties of P. vulgaris and of other beans. 
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with culturos from fifteen different sources. These for the most part fell 
into two physiological forms or strains, which are designated, respectively, 
as alpha and beta. The varieties of beans, from their behavior when 
inoculati'd with these strains, showed a classification into four groups, as 
follows: ab, those susceptible to either strain of the pathogene; Ab, those 
resistant to alpha but susceptible to beta; aB, those susceptible to alpha 
hut resistant to beta; and AB, those showing resistance to both alpha 
and b ta. In the first-named group, ab, belong 80 per cent of the wax 
bush vari(‘ties inoculated, 50 per cent of the green-pod bush. 40 per cent 
of the wax pole beans, and .30 per cent of the grcen-poil pole beans. It 
appears from tins, then, that the wax bush beans are, generally speaking, 
the most susceptible to anthracnose. Five varieties are placed in the 
resistant group .VR, tmt of these otily one. Wells’ Red Kidney, has shown 
a satisfactory resistance under .all conditions. The writer (Barrus, 1915) 
desi rihod this strain of Red Kidney as having been selected by a farmer 
a.s a single healthy individual from a field where all other Red Kidneys 
were badly alTected. This strain has continued to .show the same resistance 
in the many inoculations made by the writ(*r and by other investigators. 
It is not a jiuro type, howt'ver, the stwl varying somewhat in size, shaix*, 
and color, and individuals apjrear from time to time which show some 
stisc('ptiliility to anthr.acnose, varying from .slight to considerable. In 
a later i)ai)(T (191.S:()02) the writer records the resistance of a field bean 
called White Iin|)('rial to .sevinal inoculations made with l>oth strains of 
the ])athogcne. Recently, however (in 1921). a field of lieans said to be 
^\hitc Ini])crial, the porls of which were severely alTected with anthracnose, 
wa- oh.-erved. It seems not unlikely that strains of the pathogene exist 
\\hii h aie capable of infecting even these varieties. 

buikhohier (1918:3.53) has been able to pnrdtice an ant lira cnose-resist- 
nni While Marrow by crossing the ordinary susceptible White Marrow 
with the rcsisttint Wells’ Red Kidney and by subseiiuent selection of the 
i'>i'^iaiii tyi)cs. In the same manner, McRostie (1919:141) h.as also 
Spoiled crossing the Wells’ Red Kidney with the Michigan Robust. 
■I wime bi'an, but progri'ss Inul not Im'cu m.ade Ix'vond the F 2 generation 
die time of this report. In both of these crosses the character of resist- 
piovcd to be dominant, and inoculation of the Ft generation is 
^ ni order to determine which individuals arc homozygous and 

'" h are heterozygous to resistance. 
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No continued efforts have been made, so far as the writer is aware, 
to render susceptible bean plants immune to anthracnose by the absorption 
of toxic substances, as has been attempted with some other plants. The 
writer has endeavored’ to obtain a greater degree of susceptibility in hean 
plants showing consirlerable resistance to one of the strains of Colletotn. 
chum Undemuthianum. Such plants, while yet seedlings, were, just previous 
to inoculation, (a) kept growing in very dry soil for two weeks, (b) kept 
in ver\’ wet soil for two weeks, (c) injured in various W’ays. In no caso 
was a greater degree of infection obtained than on plants not so treated, 
Schaffnit (1920) remarks that a weak condition of plants such as coims 
from a sudden check in growth, aB rluring a sudden fall in temperature, 
makes them especially susceptible. 

Susceptibility of other species of the genus Phaseohis to infection 

The statement has sometimes l)een made that varieties of Phnsfoltc< 
vulgaris only are susceptible to attack by Colletotrichum lindemuthuinuin. 
Massee flSOS). howtwer, reports the disease as most common on Frcneh 
Ixtans (Phnceolus vnlguris) and on Scarlet Runner (P. multiflorus), and 
a few other writers on the subject have recorded it as being .severe or a's 
occurring on Scarlet Runner (P.wo</0/?ori(.s’), possibly tpioting from Mas.s(r 
(Saccardo 189S, Collinge 1911. Lind 1913). .\llcscher and Schnabl (IsOT 
distributed specimens of Olocosporium lindcmuthianiun on leaves of Phijsi- 
olus multiflorus. Lakon (1916) says that P. multiflorus is practically 
resistant to nist and altove all to anthracnose. Schenk (1917) also s.iv' 
that, although the di.seasc is reported as occurring on Feuerbohnen ( P. unil- 
tiflorus) in Holland, he has observed this species to be very resistant when 
other varieties were badly affected. Fischer (1919:258) saw nothing of tin' 
disease worth mentioning on three v'arieties of P. multiflorus — ulbiflum^ 
Lam., cocci neus Lam., and bicolor Arrabida — while pole beans of P. rulyni'' 
growing next to them were ba<lly affected. Eilgerton (1910:41) repoits 
a slight infection of lima iK'ans (Phoseolus lumitus var. Small White I’eic). 
and later (with Moreland, 1916:8) good infection on Fordhook's H'lsh 
L ma, very .slight inft;ction on Large White Kidney, and no infection mi 
Scarlet Runner when inoculated with .spores of Colle.totrichum limlcinulh- 
ianum. Lind (lOld) records the disease on pods, stems, and leaves "f 
Phoseolus vulgaris, P. compressus, P. nanus, and P. multiflorivi. Ihc 
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iPcifio name nanus, however, refers to the Imsh forms of P. vulgaris, 
id the name compressus to another classification of varieties now included 

P. ndgaris. 

The writer has reported (Barrus, 1918:610) some good infections from 
nenlations made at various times during several years on the leaves of 
nuinlier of varieties, l)oth pole and dwarf, of PhaseoliLS lunatus L., both 
e small, or sieva, lima and the large lima. Fair infections were obtained 
1 the sti'ins, and also, from field inoculations, fair to good infections on 
e ]in(ls dig. 15). From inoculations made at various times, the varieties 
allot Ibmner and White Dutch Runner, of P. muUiflorus Willd., have 
own slight to fair infection on leaves and pods; the latter variety especially 
owed fair infections on ixtds (fig. 16) and seeds. The tepary bean, 

, (icutifolius var. hitifolius 61. F. Freeman, has always become badly 
[ected will'll inoculated in the seedling stage. 

The article just cited reports also thi' rc'sults of inoculations made on 
3111 one to several varieties of a number of species of Phaseolus supplied 
• R V. Piper, of the United States Department of .Vgriculturo. Slight 
fectioii was obtained on Phaseolus aureus Roxb., but on P. aconitifolius 
cfp, /'. oii(j}diins (Willd.) W. F. Wight, P. calcaratu.s Roxb., P. mungo 
, P. sciiiurcctus L., and /’. .sublobatus, no definite infection resulted. 


isrrpiihililj! of jdants of other genera aiul families to infection 

1‘riink (lSS3lr518) obtained no infection on cucumbers which he inoc- 


aleil witli anthracnose. Scribner (1.SS,S.362) states that the fungus 
lai'Ks waleinielon rinds as well as beans. Farlow .and Seymour (1888) 
id Saccaido (1898:316) n'cord it as occurring on Cdn/Pni' lufgom Schrad. 
tlloway (1880) ascribes the disease “melon rust” to Gloeosporium 
I'lnnulhiunum Sacc. A :tlagn. Halsted (lS93b:327, 329) obtained 
h t'iioii. from l)c;vns, on detached fruits of eggplant, pear, citron, pepper, 
id pi'isinimon, and he believes (page 333 of reference cited) that the three 
lanaccoos plants, tomato, eggplant, and i>epper, are preyed upon by 
' Mine f olletotrichum lindemidhianum which causes a pod spot of the 
an. Stoneiiian (1898:93) fioints out that inoculations made on detached 
placed under a liell jar cannot l>e depended on, as such fruits are 
a I lies lesi.stant to attack than arc fruits under normal conditions, 


“ more in (|i,! 
"d infection from 


nattire of culture media. Smith (1901:28) obtained 
inoculations made ou bean, but none on cucumber. 
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ipkiii, wiuash, watermelon, and muskmelon. Cook and Taubenhaus 
■_> ‘22. 27) obtained only negative results from inoculations of young 



tiii. IC). ANTim\rNosE nv pnas of piiaskoli's mci.tifuircs v.ar, 

"miti: 1)1 rcii ni nnf.r, pr()I)i:pei) uy artificial ixocclatio.n iaade 
ONE Month uefore photooraph was taken 

!iiipl('s and pi'.ara with C. lindemnthinnum. lulgcrton (1911:8) 
unable to infect apples with this organism from inoculations 
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which he made oii picked fruit kept in a moist chamber. He was un.siie. 
cessful also in his attempts to infect tin- h'aves, stems, and fruit of 
cucumbers with this fungus (Etlgerton, 1910; 11). Slicar and Wuoil 
(1913; 78) inoculated fruit of ajiidc. young wa.\ bean pods, young ( (utoi, 
bolls, a mature pumpkin, a mature squash, green tomato fruits, airl a 
nearly mature watermelon, with the conirlia of the Ix'an-anthracnosP fimaris 
punctures being made in all except the bean pod, in which case the sponj 
were applied to the surface; but in no case, not even with the beans, 
infection obtained. It is possible that the beans inoculated were n 
to the strain of the pathogene employed. Kriigcr (1913;291) inoculatnl 
beans and cucumber fruits kept under the same bell jar, getting gun,] 
infection on the beans but none on the cucumber even when it wis 
injured, and he concludes from this that the forms occurring on the nvn 
plants are different. Inoculations which he made on aiiph's, bananas, an) 
tomatoes were unsuccessful on the first two, although they resultol ia 
a whitened, sunken, spore-proilucing area about the punctures. 

Chester (1894) reports that many sc'cdlii'gs of cowpea {Vignn 
Endl.) of the Conch variety died as a result of an attack of antln.u ihko 
caused by CoUelotrichum Un(himdlv(innin, atid an examination of the Mel 
showed that 9.5 per cent were disea.si'd. Mct'arthv (1S9 1:151) lepnr:? 
that pods of cowpeas nearly full-grown wcri> occasionally attackeil hv a 
species of Gloeosiiorium. Butler fl91S;262) rcjiorts an anthracno'e en 
cowpea in India, saying that in gener.al its characters agree* with that ni 
the bean but that experimental work is neces.saiA' before the two di'ea'is 
can 1x3 pronounced identical. He records also (page 2t)7 of reference ('lud 
an anthracno.so on val (Dolichos Inblab L.J and on kulthi (I). biJIoriK ! 
and tentatively refers the cau.sal pathogene io (Hoim irlbi Unilfmuiliinnum 
(Sacc. & Magn.j Shear. 

Sydow (1880) distributed what appear to fli.sea.sed jrea pods ( lahclfHi 
Vida saliva) unrler the name dlorosporium limbanulhidnum. X'ial.i aid 
Pacottet (1905) refer to CoUdotrichum linfletnulhianum as the fungus 
causing anthracnose of pea.s and l)eans, anti (.'ooke flOlM)) reixirt.^ it u’ 
being the cause of a disca.se of peas as well as of I'rench be.ans. ttili'f 
writers have not reportcfl it on peas, and Edgerton (1910:11) cfnilil ii"t 
.secure infection from inoculations made on garden [X'.as even afti a 
wax was rubbed off the leaves. Fi.scher f 1919:259) .says that both I-intl'e 
and Feldt report having observed plants of Viciafalxi severely attarked 
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iliv this fungus, but his own observations do not confirm this and he 
Uhiuhs the disease oljservcd was due to some other fungus. 

Kdgei'lon (1910:40) also sprayed sjx)res of C. lindeniathianum on young 
bush l)eans. alfalfa, and cotton plants protected by bell jars, but obtained 
infi'ciien on the beans alone. Baumlcr (1888) reports CHoeosporium 
Ihiih iijuthinnum as occurring on sterns and leaves of Orobiis verrms. It 
si'cins that in this case the species of the pathogene was incorrectly 
detennineil. 

riie writer, in the course of his infection studies with beans, has inocu- 
lated seedlings of sweet pea {Lathijrm odonitu.^i L.) and garden pea (Pisiim 
siitiniin b.), vines and young pods of cowpea (Vigiin .sinensis [L.] Endl.), 
and young plants of mandrake (PodopIviUuin peltatum L.), with spores 
of Collctiilrii-him liivkmuthiamiin. lOxcrdlcnt infection was obtained on 
beans used as checks, but the other plants remained free from disease. 
.In a series of other inoculation ex|M'riinents on seedling plants,, fair to 
good infi'ction n'sulted on the stcuns of certain individual black-eyed 
: beans or cowpr'as {Viijnd .sfuc/i.s/.s [B.! Endl.). and slight to fair infection 

on the epicotyl of th(! kultlii bean (Doliclion biflorus L.); but no infection 

|resuhe(l on any part of the bonavist beaii {DoUcho^ hibbib L.), the guar 
.bean tetragonoloha Taub.), the asparagus bean {Dolichos 

sc.sv//(i'/x,v/(/d\' L.), the jack bean {Ciinavalia cnKifortniK [D.] DC.), four 

; varieties of horse bean ( \'ici<if(iba L.), and the garbanzo bean, or chickijea 
(Cia^r (inctinum L.). There are evidently luit fc'w species outside the 
genus Phaseolus which are susceptible in any ilegree to anthracnose, 
and no plants except varieties of Phaseolus vulgaris are susceptible to 
surli an extent that the disease becomes (‘pi])hytotic in regions where 
su(h plants arc extensively grown. It 's not unlikely that several strains 
of the patliogene exist, one cajmble of infecting Phaseolus multijlorus or 
;i)ine of its variety's in a .severe manner, another able to aUack Vigna 
•iiicnsis, and others attacking plants related to the bean, each being 
■onfiiu'd rather closely to tlie sjn'cies, or even to certain varieties within 
iic species, to which thc'y have ailapted themsedves. 

''>tsc(jdihilit}j of Phaseolus vulgaris to infection from other anthracnose fungi 

Irank (1883 b;.")lS) was the first to inoculate the bean with spores 
'f anotlier anthracnose fungus in order to determine whether the 
linns occurring on different hosts were really the same species. He sowed 
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on gi-een bean pods the spores of Glocosporium cast^gna Mont., whid] 
had proved to be very virulent on the leaves of the silver poplai. but 
obtained no infection. He therefore concluded that gloeosporial forms 
are independent species and have their own host plants. Southworth 
(1890:48) attempted unsuccessfully to infect bean pods with the hnlly. 
hock-anthracnose fungus, CoUetotrichum althaeae Southw. (C. mnhanm 
[A. Br. & Casp.] Southw.), but was successful with C. lindemuthinnim. 
Halsted (1893 b:327, 329). in connection with his cross-inoculation work, 
obtained good infection on detachetl bean pods wdth Colletotrichum sp. 
from the eggplant, and with Gloeosporia from pepper, apple, and tomato; 
also (1893 d: 248) with Colletotrichum lagernarium (Pass.) E. & Hals, 
from the watermelon. Sheldon (1904:132-135) inoculated wax-bean 
seedlings, bean plants in blossom, and bean potls on the plants, ami also 
six different cucurbits, with spores of C. lagernarium from pure fiilturos 
obtained from a watermelon fruit. Infection was obtained on the cucurbits 
in most ca.ses. but the laeans for the most part were free from evidence of 
infection. Sheldon did find, however, spots bearing sjxares both on the 
beans inoculated by him and on those used as check.-;. He decide.s that 
it is not safe to conclude from his results that the anthracnose fungus on 
the Ix'ans is the same as that on the melons and the gourils. Kilgeiton 
('1910.41) obtained no infection on young bush laeans sprayed with .^pens 
of the fig anthracnose.' ((llomerelln fructigena [Clinfonl Sacc.) and of the 
pepper anthracnose ((!. pipeintn [E & K.J S. & S.), and no infection on 
freshly picked laean pods placed in a moist charnlx'r and inoculated with 
a culture of the rose-ant hracnose fungus ((lloeoxporium rosae 
although in everj- case goexl infection was obtained with the bean-ant In ae- 
nose fungus on the beans u.sed as a control. Bean secxls wet with a suspen- 
sion of spores of the fig- and the cotton-anthracnose fungus were .some- 
what infected. Sprares of the fig-ant hracnose fungus were being produc'd 
in abundance on sr.-erl that had rotted in the ground, and the .sr'ini-livint; 
cotyledons of the germinating Ixuins were attacked by laoth fungi, ihc 
spots did not develop further, however, while in the ca.se of seeds treated 
in the same way with spores of the Ixjan-anthracnose fungus the cotyledon.s 
and later the plants, became highly infectcfl. Taulx’nhaus (1911 H*'') 
reports success in obtaining infection on jxxls of [xalc and bash lima I" ans 
in the field from puncture inoculation with spores of species of (d 'lO- 
sporium from sweet pea, apple, and mandrake, or may-apple, and with 



Bean ANTHUACNOSfi 


159 


{Sloi'osporiurn officinale E. & E. from sassafras, G. gallarum Ch. Rich, 
from oak sail, and G. psidii Del. from guava. The disease produced, 
except in the last-named case, resembled sweet-pea anthracnose but 
did not resemble the bean disease. Shear and Wood (1913:77-89) inocu- 
lated dc'tached bean pods with anthracnose conidia from avocado, cotton, 
guava, lotpiat, mandarin, orange, pitcairnia, and privet, but in the case 
of none of tfiese did t^ley obtain any infection. Kriiger (1913) inoculated 
detached bean pods kept under boll jars with conidia of gloeosporial 
foiiiis from apple, banana, and tomato, and, while good infection was 
obtained on checks consisting of detached fruits of the respective hosts, 
the result on bean pods w;is tloubtful; no infection was obtained on the 
uninjured pods, althougli there was some mycelial growth in the tissue 
surrounding th(' injury made on other pods. Gardner (1918 : 23) inoculated 
live varieties of beans with Colletotrichum lagenarium, with negative 
results. 

On inoculating bean seedlings of several varieties with spores of the 
Uithiacnose fungus from sweet pea and from mandrake, the writer did 
not obtain any infection. Fair infection wiis obtained on sweet-pea 
iecdlings inoculated with spores of the form from sweet pea, and on the 
leaves and steins of young mandrake plants growing in the woods and 
)f those' transi)lanted to tlie greenhoaso inoculated with the form from 
naiidrake. From his own results and from those obtained by others, 
he writer is inclined to Irelievc that, in general, each of the various 
uilliracnose fungi is confined to its own host or to closely related plants. 

ECOLOGIC ASPECTS 

In the preceding discussion frequent reference has been made to 
y .iiliei conditions favorable to infection. There is no question that 
c' \\(>ather is an important factor in the growth of this fungus, just as 
I' in the, growth of higher plants. The fungus has its ups and downs 
"’"ling as the season is wet or dry. Temperature and humidity are the 
f.utois of greatest inifrortance, and of these the latter is usuallj' the 
1 1 1 , illing one in the Northern States. This has Ix^en generally recognized 
IS, iuid its significance in the development of the disease has been 
out in some of the earlier accounts. 

! ' (1910:28, and 1915:248) has shown that temperature is the 

nig factor under conditions in Louisiana. The di.sease, while 
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prevalent during the cooler part of tlie growing se;uson, is absent from ili,. 
fields there during the hot montlis of .lune, July, and August, even \\ii|, 
ample rainfall and when diseas('d seed was used for planting. Inirilici. 
more Edgerton experience.! great .litfieulty in keeping cultures of th,, 
organism alive during the summer. Tlie writer has n.'v.u- had any diffi. ulty 
in obtaining infections fr.mi iimeulations made during the summer, altlmiedi 
for the success of the experiments he h;i-s made them at liim^ when tlie 
conditions promised to l>e im.st favoratde. Som.' of tlie inoculatims 
were made in the greenliouse when the temiv'ratuiv during the followiim 
days ran high, and yet fair t.» good inf.'eti.m was obtain.'.! in s. vnul 
instances. Cultures of the fungu< in lit.' lalsiratory gr.)W very slowlv or 
not at all during tli.' exc.'ssively warm w.'atli.*r of tlu' summ.'i, .ui'l ui 
some cases they .!!.■ wli. n imt traiwf.ar.'d fri'.pn'ntly. When pla.-.'J iii 

a cellar where the t.'mp.'ratur.' r.'imiin.'.! at alxmt 16’ t.i 20” C., a 1 

growth of mycelium and abun.lani ])roilui'tion of sjior.'s resulted. Duiiim 
the summer season m th.* X.rrth, th.* |>.*ri.>.ls *>f .*xt*.*s.si\.*l\ high t(*mj>*i,i- 
tures are short. Th.‘ high i.*mix*ratur.* of th.‘ .lay is n.it sufrn.*i(*nt to kill 
the fungus in the host, ami growth ami sixire pnt.luetion may tak.* pla..* 
during the lower t<*mp'*ratur.*s of th.* night, d he .•ffi*i*t of tt*mi)<*raiun* 

on growth of the fungus in cultur.* media h.*is .*ilr.*aiiy Imen di.si*u 1 

(page 121). Lauritzen '1010 20), by employing ino.*ulalion chainh.i' 
where temperature :iml humi.lity w.*r.’ .•ontroll.*.!, d.*l.*rtnined the rang.* 
of temprtratures at whi.*h infe. ii.m of b. an M*.*.tlings t;iki“.s pl:i.*e ati.r 
inoculation with limh irmUniiiniiii, wh.*n k'*pt at !i ftiv.ir.il’l'* 

con.stant flegrce of humi.lily, to !«* from .'»7’ to HO' I*’. .Vt the exti.'iii'*' 
the number of inf<*ctions .>.*i*urring an* xmall, but lh'*y tin* more abun.l ti't 
at the more nearly optimum l.*mj). raiur.*.'i, .-us om* wouhl .•xjK’ct. L:iuiiiz.*n 
says that the data [xfiiit to :i lower t.*inj).*riiture limit for infection wlu'ii 
forty-f*ight hours tire us<*d for th*. infection |x*(;i<Ml than when Iwiity- 
four hours are use.l. 

Moisture must Ire present or the humidity of the .air high if the fungus 
is to gain entrance to the host. I,aurit 7 .en f 1010:20) found that inf" 
took place at huiniditi.s of 0.7. S and alxive when the temiKTalure "■'i*' 
kept at from 6o' to 68' F. It was not nee4*s.s,'iry that ,a film «)f moi'ttu'' 
lx; kept on the leaf .luring the germination of the 8|K>re, for inf<*<ii"" 
occurre.l when th.* pl.'infs were .Iried off after inoculation and Irefore I ' lt t! 
placed in the inoculati.rn chainlx*r. Ixmritzen did not dcU.rmine h.i" 
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(lie sporo Rots sufficiont water in such ciisos to permit germination, hut 
111 suyiiTists tliat wh('n the eva|)oration is not too great it may al)sorh 
wall'!' Iroin the host plant by imbibition and later by osmosis. 

If ihi' soil is wet and cold, the l)ean seed germinates slowly, but the 
spiiivs of the fungus when pre.sent on the seed under such conditions will 
(riMiniiiate and iKMU'trate the host Ix'fore it appears alxjve ground. If drj' 
wcath. i follows the apjx'arance of the plants grown from spf)ttcd seed 
and iiili'clion has not yet taken place, the chances arc good that the 
spotiid cotyledons will drop ofT before any infection occurs. When this 
happens the plants are as free from infection as though the}' had come 
fioia healthy secal, but the affectetl <‘otyletlons on the ground may stTve 
U' a source of inoculum for a time. Often after wet weather the juvenile 
l{'avc< of the set'diings l>ecome very badly .s|K)tted. The.s(> in turn drop 
olT. and if the plant h;us not Iteen infected otherwise it may continue to de- 
velop entirely frc'e of the di.sea.s<! (lig. 17 ). If, on the other hand, rainy 
weal her should occur following the germination of siK)tted staal and 
hctoie the cotyledons fall, somt' of the seedlings will surely iH'come 
iniceted and thi' disease* will lx* likely to spreatl to neighboring plants. In 
fact, an instance is known in which, of two fields planted from the .stime 
lot of seed but ;il difTe'reiit time.s, one field Ix'ctime btnlly disea.sed and 
tlie Ollier reinaineil healthy Ix-cause' niiny weather succet'iled the planting 
nf till one and dry weather th(' planting of the olhe'r. 

If iiilection is to ttiki* ])lac«' in ])lants iiMK’ulated with the spores of the 
hiiicus a iMoisi condition must prevail for at l<>;ust I'ighfevn con.secutive 
lioiii- at >oiiie time Iwfore the s|M)res succumb to desiccation so that they 
"itiy uenninate and form appo-ssoria. This .statement is b;used on .sjx)re- 
Ifiiiui.ation tests nMonh'd (>;irli('r (|xige ) 17 ). In the intxailafioi. t'xix'ri- 
1111 111- i iiiMliicted by the writer, the plants were usually kept in an inocu- 
' ’ll I li iinber for tilxnit forty-<*ight hours, .although succes.sftil re,.sults 
1 ’^' " ot, I lined when they were left for but twenty-four hours. That the 
I '*'■ ''"'I'lre a |x’ri(xl of dryness Ix'fon* favorable ('onditions arrive 
^ j ytn ex|x'riment in which see^lhngs growing outdixirs were 

h(f!„', ,1 ' ’"ondiig of a bright, hot day. The n<>xl morning, 

I ev!i|x)rafe<l, each plant wsis coveml with ti shadixl 

sho! I I with cotton at the upper end. .\11 thi'sc plants 

'' ions after six days. 
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17. BFAV PT.AVr fKOM SPf/nTD -tPrO, Tllr JI'ATXIt.E tKAVW! Afro 

WHICH mCAMf. AUKfTIH WITH ■ MlIK M Ml-tK BI T WHICH PUflDHCBD 
CROP OP POD-1 BtCAI-^f, DRT WF.ATIITH PHCVAII.P.II IH’IUKO THB 
iTr»nA[,lariiH u# a p-.i for phiHriBP*pfiiB<) 
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V laiiiy period of several days accompanied by cool weather is the most 
f iviii il'le condition for infection and for the development of the fungus. 
Xidii (lew or even humid air, however, is sufficient to allow infection to 
t;ikc place. Conditions permitting the plant to retain moisture beneath 
till \iii( S are jjartieularly favorable for the infection of the prxls. Such 
,,,n,liii(ins are afforded by ixK)r soil drainage, or especially by poor air 
iliaiiiauc such as may cr)ine alK)ut from a bushy growth of vines and from 
plants growing clos<‘ together; and similar conditions may exist in a low 
area ur pocket in the field. 

B(a!is grown at the time of the year when the prevailing weather 
((mdiiioiis are the least likely to Ire favorable for infection, will of cours<' 
he the freest from anthraci\os<-. Plants iiuH-ulati-d artificially during a 
ramv dav will Ix'come badly diseas<‘d, while plants in neighlxiring hills 
111 die same row will Ix' but slightly alTected and hills farther on not at 
all. Tliic is beeaus<‘ the weather has rcanaiiuxl comparatively dry from 
dll lime of inoculation until the jxxls were maturing, and thus sixire 
dev iiiination W!us prevente<l. 'I'he dis<'a.s<v- does not spread a.s n'adily 
diKiiiaii 1 field i)lanted in check rows ;us through one jdanted in drills. 

( iid ' ti l(t()7) .says that growers of field lx*ans find the disea.s<- wors<' on 
ei(i]e planted early. In Ni'W York State* lat«'-maturing Ixams are the 
inii'i li idle to damage from tinthnieiiose, ;is w<“alhi‘r <’onditions favorable 
fill infeeiion eominonly (xa'ur during S<*pte:nlx‘r. For this rt'tuson an earl\- 
iiiaiMiing variety plantfxl (>arly w<iuld htivc* a Ix'tter chance of escaping 
iafiriioii, other things Ix-itig f*<pial, than ti hite-maturing one. 

lli' -e lin ts evplain why the di.s<*a.s«* materially d('cre;usi*il during tlic 
di\ 'I I -ini', of the four yejirs from I'.K)7 to 1910, and why it litis Ixx*!! so 
SI Mu dm mg \ ears of abundant rainfall. Ihe sixal pnxlucixi in dry siugsons 
I' piin iii :dl\ free from the disease, an<l when such .s<xai is usexl the plant.s 
ii'uliii i; iherefrom are n’ln.arkably free fn*m anthmcnosi', even though 
' 'on may lx* wet. lx*cnuae the source of infection is not pn'Si'iit. 
''Ill] a a^oii ,,r ,,f |-ainy weather, however, the dis«'a.s«'. tit first 

1' I III iH iioiw. may iH-eome general throughout the field and a Itirgi* amount 
"I 'll ' ,1 may result. It htis lxa*n claimc>il by aetslsmcn that in 
" " ’ iiiiLMted section.s of the W«*st where there is but little rainfall 
growing se.'ison, plants free from the ilisease can Ik* grown 
l' ' I "i ll seed; but it is ()uest ioiiabli* whether the moist conditions 
die vines r(>sulting fnnn irrigation would not lx* sufficiently 
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favorable for infection occasionally to take place, at least when spotii'd 
seed is planted. The ilisease is occasionally rejxirted from such sections. 
Complete freedom from anthracnose may l>c exjx'cted in those rcKioiN 
where ilry farming is practicetl. Lauritzen (1919:112) suggests that the 
variation in the amount of moisture in the air in diffiwent rt'gions may 
an important factor in the distribution of diseases over the earth’s surf u ( . 


prophylactic aspects 

As early as 1S93 a number of mea.sures for the control of bean ant hi. k- 
nose had been recommended, .\mong tlu'se were such as treating s,-,.,] 
with chemicahs or hot water, selecting se(‘d from healthy plants, s])ra\iii^' 
with bordeaux mixture and other substances, working among the planu 
only when tliey are dry. planting exclusively on grouml that ha.' icr' 
produced disea-sed plants the year Indore, and sideeting a dry, airy situaiioii 
with light soil. These recommendations, if candully followed, will usiialh 
result in the production of plants free from anthracno.se. Doubt has 
been ca.st. however, on the efiicacy of certtun of thest* reeominetidatiiii,«. 
and it is worth while to consider the advantages and di.stidvantage,- t.i 
the various methods. 


.SVcd ‘Hmnfection 

Secfl treatment was first recommended by Halste<l (1,S92:2.S6), whom 
that time used ammoniacal co[)[)er carlnuiate. Later (Il.alsted and Kei-ct, 
189.0 .10; tie tried full-, half-, .ainl fpiarter-strength Ixtideaux mixture, airl 
concluded that such treatment had but little i lTeet in killing the mycelmni 
within the seed. Heach (1892 32t);, after ex[M'rimenting with liol waiii, 
bordeaux, ammoniacal c<)p[K'r carlnuiate, and pot.'us.sium sulfide, foutid t h i'. 
w Idle hot-w ater treat rnent resiilteil in the lowest |)ercentage of jilanlswitli 
anthracnose, the untreated .seed gave ii greater rjuantity of nuirket.ilil- 
beans because of the D'tter stand, and that eve,, with .sc-vere trealtic m. 
enough di.sease remained to injure the crop. Craig (|.S9;i), after .soakinu' 
.“^eed for varying length.s of time in solutions of different strength' "I 
ammoniacal copixa- -■arUmate and .-opiK-r stdfale. concluded that .'od 
-in X Uf.itfd ('lif'iiply arid .'idvantut^fously with copprr C‘ 0 !n|K)Und^. 
prffcrady ammoniacal co[,fK*r IwHt rnsult ohtain-i. 

yvevr.r, was but 79 per cent of healthy plants, .and but 73 fXT cent "f 
ticatrx seed genninated. Later (180<SJ he cxficrimcntcd with l> "I* 
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fdiiniilin, potassium sulfide, nitrate of so<la, corrosive sublimate, and 
kiiiiit. Tlie lysol treatiiu'iit resulted in 1 per cent of diseased pods, in 
(iiinparison witli 57 ix'r cent in the check row. The value of other treat- 
ments are in the order naimal, corrosive suldimate giving 19 per cent of 
diseased pods and kainit 36 jx'r cent. Be<lford (1900) soaked lx!an seed 
fill two hours in formalin soluti(jns varying from one ounce in one gallon 
(if water to one ounci' in four gallons. The former dilution gave the better 
n ■.lilts, witliout th<‘ germination l>eing affectr-d appreciably. Sevey (1907) 
states (liat experiments at Cornell I'nixaTsity, in which bean seed was 
snaked for forl>-five minutes in formalin .solution 1 2(M), gave profitable 
re-ults, Kirk (19051 says that good n'sults hav<‘ l)ecn olUaiiu'd by soaking 
Mcd for ti\’c minutes in water at a tem]K‘ratun‘ of 110° !•'. (60° C.), or 
fill' lifteeii minutes in water at 130’ !•'. (.Vl.-C ('.). 

\Viiet/,el (1906) Indieves S(‘ed treatment to be of little practical value 
in I Hill rollinti tlie disea.se, as sueli tn'atment redue<‘s thi' stand and renders 
the -leik- unlit for planting witli a maehim' unless they an’ allowed to 
dr\ . ill wliieh ease many of them slip their coats and thus Ix’come worth- 
ier', I'lilion 1190‘s 15i ,sa\s tliat lie has kejit Ix'ans for forty-live minutes 
lit Id.' r, (57.2' C.) dry heat without appreciable elTeet on g rmination, 
while sieils |ilaeed ill Water duiiiig a like exjMisure are practically all 
hillei], lie thought that dry heat might Ih- usi’d as a si'ml treatmi'Ut for 
eiiiitiiil Ilf bacterial blight, but exiM'i'iineiits that he made to prove this 
giue negative results. Kdgertou 1 1910 16 I.M. from ('xix'riments he has 
in.ide. is inclined to Iwlieve that the disea.se ma\’ Ix' materially reduci'd 
h\ Mi.iking the .seed for from ten to fifteen minutes in water at a teiniK’rature 
"I .lO < '. 1 1'2'2' I'k). and tluit .seeds thus treated will not slip their eotvts and 
till II- i iiiinat ive ability is not im|iairei|. bater. l-kigerton tied Moreland 
I'M. ’ll re[)()rt iluit the treatment of Ixmii seed with hot w.ater 50° for 
' iiiht iiiiiiules, with I’orrosive sublimate.solution 1 KKfOfor twenty minutes, 
wiili beiietol solution 1 .50 for twenty minutes, or with corrosive .sublimate 
' b'Oti in ;i 1 frlyeerin .solution, did not iimteriBlly reduce the ix’rcent- 
tme 111 ”11 iiiinat ion below that of untre-ated s<'ed, tdthough formaldehyde 
s' liiii 111 1-100 did reduce the germination in the field. However, 
' • die treatments except hot water had much merit tus a control 
for anthraiuiose. .although blight was materially mlucial by 
' 'atnients with corrosive sublimate aiul licnetol. 
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Hollnvin (1915:691) treated seed with 2.5- and 1.25-per-cent Clilm. 
phenolquecksilber. with 1- and 2-pei-cent sublimate, with 2.5- an,i i- 
wr-cent formalin, with a tar prep;iration called “ Kornerschutz,” niil. 
petroleum for thirty minutes, and with 2-per-cent copper sulfatc'. ,u„l 
also with 1-per-cent l>ordeaux spraycnl on the seeds. None, of il,,... 
treatnrents were elT.'ctive. the dis.'ase Ix'ing s<'rious in all plots. I'i,-. 
ChlorphenolquiH-ksilher s.'emed to liave the effect of stiimilatinn .1,,. 
plants to increased growth, so that they yielde<l more, in spite ot li, 
dis'^ase. than dal jilants in other plots. 

Fischer (1919. '219) di'cns.-^es the results obtainetl by a numlM . .f 
investigators wirli see.l treatm.ait. He s;\ys that ApH u.sed l-ixu-,,.. 
suhlimate: Remn and Va<iers Irie.l ( ’liloriihenol(|iieek.sillvr; Wahl i 
a new and water-fiei' ( 'hlorphenolque.-ksillHT ealh'd “ rspuhm W' i: i i 
experimented with ^ui*hmate and later with 1 spuhin, >ch;ind*'i .i t 
Krause treated badly aiTe. ted <eed. which when untreated pa\a i r 
19.3 per cent p rininaiieii. with l-jx'r-cent sublimate for fifti'en inii; ;' -, 
rcsultins in 29.3 per <eiit uerniinatimi: witli ().2.')-j¥'r-ei'nt (’hinn-. l ■ 
thne hours. re-,ultin'i in ;!2 pT cent perminaiinn; and with o-p i . 
(Vpuhm for one and '.ne-half liniirs. resultinu in 16 pT cent nennin.i' - 
In no ca.'Si', howevi r. w.is tli. n- a -.aii-faiUory eiintrol of the disi-asi'. ui,: 
became emieral ihroiicliout all the pints. Fvtm wheti an entire In ! i • 
the exiieiiment 'taiien was planted witli treateil s<'ed — iti whid, . 
iiifectiijii Could tint liave taken |)l.aee from near-liv plants from Unto ’ I 
'Ced — the diva.se apfs-.niMl ju't ;i,s .leveridy as in lield.s planted '.V'l 
untreated seed, Fischer coni ludes from thew oliservations th;it i 
tif-atinent of lieatis to control .itithrtieno:,*- has no pnietieal value. 

Muncie d917 2ii 37) ire.ated .>ee(i for vtiiwinK leiiKlhs of time «i':i 
chemicals of v.uainn strenKtlw. .and with Uith dry heat .and hot i*. ' 

The chemic.d.i u-ed were; meieiiric chloridi* and sodium nitrate In ' 1 
TO 55" f,'. '1:>1 F.i aiid not he.ited: mereurie ehIori<le alfme; tin;' ' 
chloride with oxdic .acid; zinc chloride; form.aldehytie solution .as .i rp 
:ind 'piiiikleil tai seerl; fortn.aldehyde gas; eopp-r sttlfate with the adderri 
of siilfutic acid; and r.ah-ium hvpjehhtrite. Both healthy seed, c l 
-etil alTeeteil with tiiit hr.aetiose .anil with blinht, were tre.atial, and 'b' 
eifect f,i the tre.'itnient on germination and tin the pathogenes W.as tc '1. 
It I- -e.-n ti-oiii the reJtilt.s given that in none of the tre.atments was ' 1"'' 

1' itlioc.-he killeil in all the weds, except in ihotMi cOiics in whirl 'b' 
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ijiiii'iit matorially mlucod (he percentage of germination. Muncie 
;i 111 s. in Slimming up the results of the treatments, that it scents possible 
,, niiitrol the (lisoa.se in a larj'c degree in case of a light infection by 
Jiujildving s(hh 1 tri'atments, and that the treatment most efficient is 
nilm a thirty-minutes imiiK'rsion in a 3.5-per-cent solution of bleaching 
Diiwilci'. or a sprinkling of the s('('d, as in the treatment of oat smut, with 
1 Miliition of formaldeliyde, using I pint of formaldt'hyde to 30 gallons 
jf water. There is not sufficiimt (‘vidence submit ti'd in his data, however. 
[II iiihait this iv)s.si!)ility. His stnnmar>' at the end of the bulletin states 
[uriiiately the conclusions reachcHl, namely. “ ,^eed treatments with 
fliiiiiieal solutions and wet and dry hetit have failed to control the.se 
[liM isis.'' Haiii) (1020) concludes from his numerotis st'ed-treatment 
?\p( ninents with formaldehyde, mercuric chloride, sulfuric acid, dry heat, 
aiul !ioi \\;itcr, to control bacterial blight, th:it no presimt method can lx* 
n canleil a' sitisfactory. since in killing the blight jiathogene the germinating 
piiwii ot the '('ed is eitlu'r greatly weakened or tottilly destroyiHl. 

KiTl and West ( I'.llS) soaked Ix'an and other seeds for varying lengths 
of nine fioiu 'ix to seventy-two hours), and found lli;it, while gi'rmination 
Sci' nioic I'tipiil from so.aked than from unso.aked seeds. subsiHpnnt 
"■inwili, pariicuhirly of the iK-tin, was [xsirer — although with horse beans 
r I ii fiihn) it was gretitly improved. B('an .s<hh 1 wa.s sotrked in water 
I vatiotis tcin|xratures, but tdways the n'sultant growth wtis jxrorer than 
Ill'll drv sccil w.'is us('(l. The liteniture on the subject, howt'ver. reviewed 
\ Ixidd and West (1010), indicates a Ix-tter growth and a higher total 
i'll’ fioin sotiking in ji limitial (juantity of water. 

luiihcr cxirerimentation with .seed treatment .should not Ix' rt^gardt^l 
s --iiini tliing bound to lx* r(*sultleaa. No one htus mtidi' a ctireful study 
I dll' pciiiicability of thi' ,s<‘ed coat of the Ix'an t<> various disinfecting 
tc I' li s. nor of the iU'tion of these agencies on the fungus within the 
' ’ >1 i d treatment, to lx> elTectivt*, must destroy the pathogene within 

lid, notwithstanding the »>xtenl of ita gniwth there, it\ order that 
j' '"I seed tti.'iy not serve jls .a source of itUKUilutti. .\t the stime 
’I"' irealtnetit tnust not itijure sound setsl. .Vtiy treattnent. to lx 
f ini', must achieve these two eonditions. and tin* problem does itot 
1 1 ' I to he iiuunnoutitable. Nevertheless, hejdthv S(hh 1 cati lx* obtaituxl 
'"I ways. The .s«d('ction of clcrui »tcd (ixigo 168) certainly offers a 
1*' '1 piomise of success. 
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Sorting out affected seed 

The selection of clean seed has been recommended by many plant 
pathologists. Frank (IS.'^dh after having determined that infectidn 
of the seedling can take place from the fungus overwintered in afT('rt((l 
seed, was the tii'st person to recominetul the use of clean .seed l)y tin. 
sorting-out of spotted ones or l»v tlie .securitig of se<nl from non-infi >t(.4 
fields. Beach i l's02:32o (thtained good residts hv .sorting out thf 
affected seed before ])lanting. (l.-iin tIS!).'N:2()()). after experimenting 
with Mont d'Or. a climbing wax-ixuldt'il variety with dark l)rown senb, 
states that he is able to <lisc,ird ])r.tctically evt'ry disca.st'd seed l,y 
hand-sorting. He observes th.it disea.sed seeds are lighti'r than healthy 
ones, and advises growers to disc.ird all light .sei'd. In tinother tiriiili' 
(1S99'3S9' he says that l>y carefidly sorting out itifccted seed the antlu.ir- 
nose disea.se cati be controlh'd. \Vhct/el < 19i)S 132). however, alilniiiirh 
he usetl the uttnost care to retnove every sus|K>cted Is'ati, wtis utitible tn 
remove the diseased sred cotupletely frotti white beatis. a gerinin.iiin'i 
test of the st'cd t hu' soiae.! ^howillg .as tiitinv tis 12 [xa’ cetit of t lu' reman ii: z 
.seecl di.seascil. \\ heti .an :itt(aiipt is m.ade to sort colored seed, an eirn 
larger percetittige of (lise,i.s.ed ^a-d pa^.s^s unobserved. I-'i.scher (1919 .M.’ 
concludes fnitn ex[X'i itiients cotiducti'il lo- Seliander atid Krause, .iti'i 
from other tt sts mai le at Brotnlieig in 19I.”>ancl lOlti, that it i.s not jxis'iiib 
to control the ilisetiso by this tnetho<l sitice m.ati\' .affected si'eds c.ililint 
be detected frotn they- ;ip[X'tir.-ince. 

It i.s, of cour.se, inlpo^^|i)le to sort out every tiffected .seed evcti b\- ilii- 
most carefid extJtnititition. .''Uch seed tis .-ire h-ft in mav pnxluce allei'ii l 
plants if condition' tollowing pl.-mting ate lavottilile for the develo|iiiir! ’ 
of the fungus, and .such ;iffecte<i platit.s m:iv .-^erve to, ,a Muirei' of itiocuhini 
to other plants in the field. However, as <‘\erv iii.s<'a.sed we<l di.'e.eih'l 
ierno\es otic source frotti the belli, it would ap|x-;ir to Ix’ prefet-ai h- t" 
sort the seed carefully tx-fore pltmtitig rtither thatt not to .sort at till. 
practical griiwer of a coii'iderable tii-ieage of Ix-ans in iiortherti \eiiiii>!ii 
says that since he h.-i.s tnade a practice of hatid-sorting his seed Iw h-v 
had no anthracnose. but that ix-fore he did .so tlie di.si-ii.sr' was hartnmi. 


Silirhng from rlran pfttls 

It has occurred to a number of ex|K-rimenters that the .surest wa' 
obtaining dean seed is to select it from hetdfhy plants or .at letist imin 
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,„iip(Mio(l iwds. ILirvoj' (1894) adviso!? this method, and emphasizes 
the idea tliat po<is showing anj' evidence of disease, such as pits, discolored 
p:itrlu'.<. and wrinkled or Idistered places, should lx,' rejected. Cobb (1894: 

rcconnncnds hand-picking the .sc'ed in the field, seleeting only the 
hiuliliii'st-Iooking pods. Several others since then have recommended 
th(> piacticc. For sevt'ral yc'ar.s AVhetzel 11908.441) grew clean Black 
Wax Ix ans that were s('l('cted from clean jxxls, ami at a time when anthrac- 
nn<(' was very pn'valeiit throughout the State. lie recommends selecting 
Slid iKmi clean jxxls, hand-picking them- in the fx'ld, and resorting them 
latei. He .suggests also that stx'd frotn the irrigated rt'gions of the West 
may pe-sibly be free front the disease. A .seedsman in an irrigated section 
(jf ( dlorailo declares that lie has lieen able to grow clean jtlants from 
(Ihca'i'l si'ed and eoulil continue the practice without danger of the 
ili'cii'i' appearing in the' field. 

The wilier seleeti'd seial from clean jxxls during four consecutive seasons 
I'.Mis Id lull I, the jturjxisi' lieing trt deterinim* whether such .sei'd woukl 
pidilucc aiilluacnose-free jilants with ordinary culture, jiarticularly 
iliimiLr .1 Wet scmsiin, and whelher such a nn'th<xl could Im recommended 


a' a amieiiil i'anu jiraetice. Sinci' bill h<' has Imen unable to carry out 
ilic'c oi.iU furl her. excejit in a most limited way. 

llie fd|- these exjxaimenis was obtained from jxxls jticked in the 
fi'l'l. Ill' ill a few ca.scs from the mow. ,\nv seeds showing evidence of 
mitliiaeiidN' or blight wi’ic reji'cted. Later the jmhIs were r('s<irted, and, 
alter -.lulling, the beans al.Mi were sorted to remove broken, undersized, 
or abiidinml beans. The .seed was tln-n <lislributcd, in lots of alnnit a 
(|u,ui dtemli variety, to growi'rs andcX|M'riinenlers in this and otherStates, 
""i' I obtain, in some place at lea.st, gixxl conditions for a test. 

I'lO'. who received I lie .sis'il were urged to j>lant it at a distance from 


"I patches and to observe tin* jirt'cautions noces.sary to avoid 
'll ion of the di.sea.s*' to this s<s‘d |)aleh. 
hi l„ e.xti'iiding over a jx’riixl of four years, twenty-four dififerent 

liloi i„ iii.s, eontjtiiiiiig from om* to eight varieties, were grown in various 
ji.ii - •> \,.^ Stale atid iti a few jdaces oulsidt' the Slate. In five 

' i’iois, there W!LS somi' anthraenose on a few of the varieties. In 
" " ' o| the.se live cii-ses the infection wa.s slight, tind in all cast's the 
''‘O' uluiii nunc from h source other tlian the seed. 
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The cliief drawback to the success of the trials was the dry weather 
which prevailed during the growing season in these years. Beans grown 
from seed that had not been selected produced anthracnose-free plants 
in many cases. Plants grown by Dr. Edgerton in Louisiana from healthy 
seed sent to him were free from anthracnose and with few exceptions 
free from blight, while other beans grown in the trucking section were 
badly affected with both anthracnose and blight. 

Another factor not given consideration at that time wjis the resistance 
of many of these varieties to at least one strain of the pathogene. It \\;o 
learned later that this is true of the varieties Navy Pea, White Kidney 
Red Kidney, Red Marrow, and Rhu' P(sl Medium, and also of T\nilc 
Soup to some extent. In most instances, however, anthracnose had in 
the past appeared in a destructive manner on the varieties sent for testing, 
in the localities under consideration. 

The introiluction of healthy seed of a certain variety into a locnlity 
in which the strain of the fungus to whicli it is susceptibh* is absent, wonM 
of necessity result in an anthracnose-free crop. This may 1 m> the rea'iin 
why clean seed from other sections of the country often prtMluces better 
yields than does home-grown seed. However, if aff<‘cf(Ml w'ed of sucli 
a variety is introiluced into a certain locality, th(> strain of the pathotc :c 
present on the seeil, being capable of pro<hrcing the dis<'a.s<‘ in that vaneo.. 
will multiply under conditions favorable for it and the entire croj) in:iy 
become disea.sed. lleijlthv seed is therefoic .always safer to use its Innc 
as the particular variety is su.'c<-ptil>le to jinv stniin of the orgaiii-ni. 

In 1014 Professor F. ('. .'^tewart. of ( lenev.a. New York, planted >i ( :l 
that he himself had .selected from clean [hmIs. 'riie plants remained 
healthy all summer and the [nids were fret- from iinlhnicnose when pickcil. 

patch of Reil Kidney .and liirtle .Soup t>t>ans seha-ted from seed liniii 
clean potls in 1012 w;is plantetl .at Iiluica iit a disliinct' of ten nsls loirn 
other beans artificiiilly iiutculiited with the twt) strains of Colletotru I i"< 
liiideinHihifi fi Hill during the summer. I he plants from clean srs'd remai ' 1 
free from .'inthracntrsf. 

In 101.) I'ert Smjtlley, f)f Interl.aken, New York, grow one row, filocii 
rotls long, of Hetl Marrow Iteans frtun st-eil seh'ctei! from clean jKxl' I'' 
Proft ssor Stewart anti aftcrwanl resorted by him in onler to l)e sure tl.cic 
was no anthracnose i)resent. 4'he fiehl in which thi.s row of Rod Marm«s 
was grown wa.s not cultivated at all thiring the season because of 



Bkan Antiiracnose 


171 


weafhor, and so weeds of various kinds grew up among the bean plants 
()„ October 4 the plants were found to l)e generally affected with anthrac- 
n(W('. From the row 75 plants were selected, one plant at every pace. 
Oil ili('S(' plants there were 209 po<l8, of which 137 were affected with 
aiiilii ii'iiose, 67 were not spijtted, and 5 were doubtful. About 40 rods 
soutlnvi'sf of the end of this row was a large field of Red Kidney beans 
whiili wen' ba<lly affected with anthracnose. , It was concluded that 
th(‘ liiNt infection of plants in the row planted with clean seed came from 
spons ("iiried from the affected Red Kidneys by some animal, and, since 
the tall weeds al)out the Ix'ans kept them moist most of the time during 
the laiiiN' sea.son, and since they were planted iti drills so that the plants 
wen in contact with one another, the diseiise readily spread along the 
entire row. 

These trials sr'cin t<i indicate that the use of clean seed is not altogether 
siieirsvfiil in producing a croj) of Iwans fn'c from atithracnose unless 
the M'liMin is dry, uiKh'r which condition then* is no loss from the disea.se 
111 any Held. 'The ex|)<‘riments are reporttsl lK‘cause the results are such 
a< may be ex|K'cled in such ca.ses. So far as ol).s(>rvat ions were made 
in iliese and in other ex|x'riments. clean S4'cd always produced anthracnose- 
fiic seedlings in th( field, and this is all that can 1 h' exjx'cted of clean 
>e(il. Infection, when prc.sr'nt, must have taken place from an inoculum 
ot a Miiiiee other than th(' seed. In .some case's this came early from old 
aliei iid vines or from luair-by affected plants. » Infection will always 
be hki ly to occur from such sources uimUt favorable wi'ather conditions 
uiile-.> ’precautions ar(> takim to prevent it. Since clean srx'd can Ix' 
'1' pended HIM)!! to prcxlucc secsllings fnn' from antiiracnose, the question 
beeiiiiie,; one of deciding wlictficr or not the pre.sence of affected seedlings 
111 tic lielil is 11 sufficiently great menace to warrant the u.s<' of clean set'd. 
lb' Miiier, from observations of his own exjx’rimental plots and of many 
'11 1' I' in whieli clean six'd .as company' with jiffei ted sihmI has lieen usihI. 
ii’ '"iiMiieed that the pre.s<*nc<' of such affectc'd si'cdlings is a menace 
'bill uiiiinnts the grower's going to considi'rable pains and exjK'nsc’ in 
obtain healthy se«*d. (Irowers generally will probably prefer 
b'i elenii si'cd if they can get it, rather than to take the trouble to 
Ifiit some one must pnxluce it if it is to Ix' had. 
'b' 'pieslion of prcMluction is the otie concerned here. It is true 
’ I " Ibiwing dry si'aaons there will be but little difficulty in obtaining 
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bean seed almost or quite free from anthracnose. But it must lx? posMl.l,, 
to obtain such seed every year if the disi'asi' is to be avoided in y.ais 
favorable for its appt'aranee. 'I'ln' practice of s(d(>ctinK from clean jxiib 
is the only n>lial)le way to seeure seed fri'e from anthracnos«> (ii^> Is 
and 19). The method in its practical applitaition involves tlu' u.se ui 
seed plot, on which the .seU'cted clean .seed is planted. This plot shoiilil 



llO. Is. A HII.I, OK «AX 11K\.NS moy SI-OTTMI hk.i.D 
The Hr “o 'Aifh artf Kr |}iat tir* 


produce the nec('s.sary .s<'ed for planliti)' the tnain fiiTl the followint: '■'.n. 
I Ilf? steps in carryinjf out the niea.«ure are :is follows: 

1. Selectifin, in the fall, of [xid.'i having no anthnicnose or blight 'iioi' 
Ihe.se should be .shelled by haml fir with a Hail, and the ,see<| afleiv. U'i 
sorteil f)ver to remove all <lisci(|ore<|. impure, undersixefl, shriveled. ei 
broken beans. 'I’he amount of s<'ed to lx- .sidected iti this way will fh'i" " I 
eii the amount needed for planting the mai,, (i.dd. If 11) bu.shels of ' cd 
are lequired for planting the mam field atid 20 bu.shels un acre can 1“ 
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reiMdi'il from the sood plot, th(‘ii oi\ou)ih sood must be selected from 
di-aii pods to plant two acres, 

tVli. ii the main field contains 200 acres or more, the size of a plot neces- 
;:in lo pioduec Siifliehmt seed for the main fiehl will he so large that 


' ‘ ^ lUM. OF lirW’H FROM HFSFTMT f»EEI> 

I lie nre rnttriK fr*'*- (n>iu lutM' 

I'llieiill lo oliiain !)>■ |)od seli'eiioii enough sihhI to plant it. 
■•I'''' it IS desiralile to maintain an inei-ease plot in a<idition 
1’^"* 1 be Seed plot would Im> uwsI to provide clean srsal 

"ise plot, which in turn wmihl produce sufTicienl sersl for the 



174 


Mortier F. Barrus 


main field. Thi.s plan would require two years to get seed for the main 
field, bnt would afterward {lorinit an eeonomy of time and effort. 

2. Location of the seo<l plot at a considerable distance, prefci aMy 
40 rods or more, from other bean fields or garden patches containing 
beans. If an increase plot is u.sed. it should be loeattnl at some distance 
from the .sceil jilot and also at .some distance from the main field. This 
is to prevent, as far a.s po.s.sil)le, tlie transfer of s]M>res of the causal fum;iH 
from infected plants to plants in the .seed plot. The shorter the disiamf. 
between the si'ed plot and beans growing <'ls<“wh<'ri‘, otlnw thing.s lu inj 
equal, the greater is the chanc(‘ that the Iteans in the see<l plot will bei iinu. 
inoculated. 

3. Location of the seed plot and the bean field on soil on which hiats 
were not produce(l the preceiling year. 

4. Cultivation of the seed plot Ix-fori' the culliv.afion of other bin;., 
when the same tool is used for lioih; or, Ix'tter, n'servation for the v, ,.,1 
plot of a cultivator not used in (tther l«‘an (ield.s. 

•'), The pieeaurion of not visiting tlu' seed plot when vines or -oil .nc 
wet. This lirecatition shoiild ;i[)ply to :dl Ite.an fielils. - Can' shonlu le 
taken, even when the vines are dry, in^t to go direetly into the -oil 
plot from other t«-an fields. 

t). Prompt lemovtd ;uid de-imefion of any plant.s in tlu* .seed ph't 
found to be tu'fet'teil with tU't liraenose. 

7. .Vppli^'atifiti ijf l)()rde:iux mixture to the pl.-iiit.t in the w'ed plot N veul 
times (luring the sea.son, in onler to prevent infection from spon - t!:C 
may be earried tlirae. 


S. Seleeti'ni, before the Ixaiis are harvcstiai, of rle.an and olhii'O'C 
de.sindde po(l.-, tiviin the .see(l ()l<»t or other fields, in order to obtain Ic hde' 
,see(l for planting the succeciiiiig years seed phjf. 

0. ( ar(-ful harvesting of th<- Ixam plant.s in’ the serai j)Iot and dnir 
storage in a place .-eparate from other bean vines, 

10. The thif-liing (jf the beams wiib .a flail or in other ways so dot 
a mixture with other Is-an .serai eannrit take jd.ace, 

11. .Stoiagf. ot I lie .-t-eil in a crrtd, (fry pl.aei; until planting tiiu' dii: 
.succet-ilmg ve.ar. 


12. ( ,‘li'efill 
main flebl m 
sceri. 


hand-picking of this .sr-rsl for the increase plot 
oiaier to n.-mrrvo all <li.s<;olr>re<i or otherwiae unauti.sfa' 


llic 

oiry 
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"rhi-; mot hod of controlling anthracnosc in the main field will cost 
less than spraying five times, and is more certain of success. Much 
of ili(' ijrocodiire costs nothing, but merely requires not doing certain 
thiiiiis. 'I'lio labor involved in growing a 40-acre field of beans by this 
mdhod, aI)ovo that ordinarily required for growing such a field, con- 
sist'^ in solc'oting .sufficient .seed for a .seed plot, in spraying the vines in 
ihis pint, in removing tiffected plants frr)in it when pre.sent. in the separate 
haivKiinir and threshing of the crop, and in the careful hand-picking 
of till '.cod from it. Other work done in connection with the seed plot 
woiiM have been requinal had it Ixam a part of the main field. 

If hdinc-grown .seed is i»s good as or su]M‘rior to that purchased el.se- 
vhcic. ilicn growt'rs of ;i large acre.age of Is-ans who have felt the loss 
finm ant hracnose, or s<s>d de:ilei-s wlio are desirous of ol)taining the l^est 
piivvih], > 00(1 for their territory, sliould givt* considimat ion to this method. 
It N niii to be exis'cted that many farmers will jidopt such a iikuIukI, 
lioiaii'o o| the dettiil rl■<|uire(l in order to insure success. It shotdd be 
priiiii' il out horetliiit this method cannot Ik' deiHUided mwm absolutely 
III iniiiiol baeiori.'il lilight. Hurkholdei il02r()7) states that as a result 
III '\'ioiiiio infection of the Isaitt phuit the s<'(>ds may iM'comc infected 
\\iihiiiii ilio pods iiround fltcm showing ;tny evidence of blight. 


I‘iiiiuniiij .s(i(i from lordlilita where (inthriieiioKe iloc.'t not occur 

1 )h-ioi'v:iiions were mad<‘ for two s<‘a.sons (IfH).S :ind 1909) of fitdds 
pl niiril wiili ( 'olortidit-grown .and eitslern-grown Uefugee \Va,\ Is-an 
''"‘I iiioio was no .atit hrtictiosi' but consider:il)le blight pre.s<Mtt in the 
pi mil', 1 with the westertt si-ed, while anthracnost' was pre.stmt to 
Mi'iit ill (li,. field planted with the e.a.st<Tn seed. 'I'lie sca’d pro- 
iiiin ( olormlo the si'cond year w;is dry and split eirsily, and besides 
"I III d poorly, and .so the yield w;ls lower tlnui that from the e.astern 
I iiriiton (1910. .50) has jtlanted Coloratht seerl in I>ouisian.a and 
e 'I It freer from anthrtictiose th.an most other serai, thotigh much 
'''iel,\' alfia'ted with b.acleritil lilight. Mimcie (1917:41) reports 
''111 liigan of .serai grown for one yrair in the State's of Washington, 
1 ‘ alifortiia. 'I'liere wms .a little' anthracno.se in the seaal rcturneHl 
hiiigton but none in that from the other State's. Llaho-grown 
VI ay H.atisf:ictory re.sults the first year but jreKrr results the 
ir, largely Ix'cause the scs'd was immature due to au early frost. 


^DIIIC t 
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California-grown Early 'Wondnr sood gavo oxcollont results, and the 
plants ripened two weeks earlk'r in Michigan than did plants of the same 
variety from seed grown in Idaho and from sec'd grown in Michigan. 
Muncie believe.s that carefully .selected .seeel sent to southern California 
to be grown for one year for seed [uirposes. will furnish a supply of sivd 
year after year that will !><' .superior to Miehigan-growti .seed. 

Edgerton (1910 2S-:57) stat<'s that at the high summer temjieraiiiivs 
in Louisiana, bean anthracnose diH-s not develop ('yen when s|)otin| 
seed is planted; and later be .suggests i Edgerton and Mori'land. lOlH 17, 
that Louisiana truckers grow their own Ix'an seed during the suiniinr 
as a second croj) ami thus .seeuia* s(‘(,d tr('t*r from di.sea,s(' than that pur- 
chased from the Xoith. 

The question whi ther eastern growi-rs would hav(‘ Ix'tti'r success in 
buying we.stern seed than by tin' use of eastern-grown se(‘d is ^tiH 
unanswcia'd. It must bi* eon^iilejed fronr other standpoints as well n, 
from that of eontrolliiig anihraenose. It is true that this ilisea.se line, 
not occur as commonly or cause as niueh ilaiu.age in the West as in ilif 
East. It was. however, rather luevaleiit in ( 'olormlo in 1916 and I'tL, 
and to an extent sufficient to cause ■,ome spotting of tlie seeil. Baeteinl 
blight oectii's rather commonly in the West, so that one cannot depi M'I 
on western seed being free from this disease, .\eyert heli'.ss, ea'teni 
seedsmen have found tliat tlc-x- ean dejs-nd u|)ou getting gisid see<l ii"ia 
the Wasst oftener than from the E.i.st. ami the Ix-an seed-growing itidii-ti.v 
has developeil rapidl\' in ('<)lorado and Idaho in recent years, "f 

the seofl beans grown are gardeii and e.inning varieties, wliieh eoininan'l 
a much higher price in the East than the ordinary field sort.s. 

Avoiflino comhliijii-' fill oi'iihh ftirlhi ill.'' mi nnhim nml iji'oii'llt n/ f/n /'O'/'O 
If it beeoines neees.sary to pl.int -eed having a sm.'ill |M'reentage 
anthracnrjse infect ion. or if tlie rliM-.ise ;i[)|K’ai.s in the field from an ou'-id 
.source of inoculum, or even when seed i.s planted, it is advi-ibb 

to avoid as far as i.- practicable tbo-e conditions which favor the spnal 
of the pathogeiif. Healthy [il.aiUn have l«-en grown from clean 
in exfierimental jilots in the same field with plant.s that liave Is > 
badly diseasf'd from artifiei.il inoenlaiion with llie anthraeiiosc fii' t-cis 
It ha.s bcf-ri olisei vi il also in a large inimlH’r of instances lluif pi ' it' 
in hills next to inof ulateil plants (>fteii did not Imeome infected allh'Sty^* 
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the weather was favorable for infection to take place. The disease 
did not spread l)ecause certain conditions favorable for it were not 
illowed til exist. Some of the precautions to lie taken are considered in 
the folliiwiiiK paftes. 

Mmtiiir Ilf pliinling 

Beans planted so (■los<' tojicther that they form a dense mat of vines 
favor the sjiread of tliedisea.se. 'I'lie vines obstruct cultivation and do 
not allow either the wind or the .sunsliine to dry out the moisture 
bpiieatli them. Spores of the patboftene. if present, arc transferred from 
Diie [ilant to others in eontaet, and are alile undi^r the moist conditions 
to ireniiinati' and jx'iietrate the tissues of the host without difficulty. 

The dilTerent varieties vary so much in their habit of growth and in 
■ he size of their .seed that it is iin[)ossil)l(» l<, give a general recommendation 
I'nr planting. Ilalsted (ll.abfedand Kelsey, ISO.') . 2S, and Halsted, 1897: 
2h0i planted .seed from B to 21 inches ap.irl in rows 20 inches apart. 
I'here was ;i eonsidi'rabh' deelini' in the |)roiv*rtion of siKittial pods and 
ilso in tlie total yield of |)ods as the distance In-tweeti the plants was in- 
aeax'il. Halsey concludes that IJ inches is the most stiti.sfactory distance 
or Ciolden Wax Ix'ans. I''en is ( ItlOt) S) recommends, in aildition to 
'.‘lei'ting clean seed, planting the beans in bundles in the row far iMiough 
ipart ,so tliat the clusters do not touch one another. Hdgerton (IDOO;')! 
gills three beans to the hill, and the hills bS inches apart, a very siitis- 
•actory planting distance for Ix'ans grown in l/iuisiana. I’'iseher (1919) 
layi tliii Bielmi suggests planting in hills .'itt l>y .at) centimeters apart 
n'ti ail ef ill drills, in order to jH'iniii good .air drainage. \'on DiakonofT 
■dttd'.i -ug^e^t.-, planting the rows pardlel to the direction of the jircvailing 
VHiih III iiidcM' that the pl.ant.s may Iw wdl aeraleil. 

■\nilir,i( iiose \vill not spread through a held of Ivans phintral in hills 
's lapidK as it will through one planted in drill.s, Ixa'an-se the vities iti 
”10 lull ,iie somewhat isolated frotn viin-s in other hills for a con.sidcrable 
lull 1)1 ill,. si.;,..io,i_ wherea.s iti drills there is a continuous row of plants 
II (dill, II I m, (it her, and anthraiaiose sltirtitig at any jKiint in 

ho low would, under hivorable cotidiiions. spretid the entire length. 
" driii, iii ixiinuin iirotia'lion by hill planting, the hills should lie far 
up il l ,.u,h way so that the vines of oin« hill will not come in con- 
■Kt wiili vines of other hills; and thw distance will vary with difTerent 
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varieties. Of course the yield in such a case will be roduceri below tluit 
obtained when a greater amount of seed is used, but not proportionately, 
It is impracticable, however, to plant lulls at a distance sufficitMit to 
keep the vines of one hill from touching tho.se of others during the latter 
part of the season. Just what distance apart the hills of any variety 
should be planted in order to secure a satisfactory yield and profeetion 
from infection has not been determined. Whatever has loen sttai on 
this subject should be considere.l also iti the light of pri'.sent knowledge 
concerning the possiltilitv of sprore dis.semmation b\ spattering. 


Good hind dniuioge 

The relation of draiiuure to Itt'an anthracnose is obvious. Poorly dr lined 
soil is cold, and bean 'ecd jJatiteil in suidi .soil starts slowly or not at :ill. 
If the seed is distatsed. the fungus develops rapidly iind usually dexiii,\^i 
the seedling before it a[>i)ears above grouii.l. During a wet sea.son poedy 
drained soil tends to jiroiltiee a moist condition ;d)out the ba.si' o| du' 
plants, which should be avoiile.l, ( hdloway 'ISsOt notes that the dio a-^ 
is worse on moist soil. ('oi>b ilsftl TSJ) and t^uerner 1IOO.S), in iveem- 
inending control mea.'ures for the di.'ca.se, suggest drtiining the land, aiid 
others stiggest not choosing low, dtunp grounil. 

RemOidl of otfrrtid >udlniil< 

.\ffectetl seedlings serve as a source id itiftadion to healthy plaiits in 
the field and the garden. Ati early removal of them wouhl ai<l iti le','< 
ing the amount of disea.'-.e should favorable wetither for infectiott lollnw. 
The practice of removing alTeeted jilants wtis etirly recomne iid'd. 
Berkeley flsst)) suggests th.it dixau-ed pl.ants Im‘ jiidled ami burned, and 
many other writers on the subject have reeommemleii this. \\h't/<‘l 
(lOOS'JJJj, however, h.as |M)mtec| out that this methisl i.s abso'niel> 
impracticable except in short garden rows. It is, of course, out o! ilio 
fjtiestion to attempt to remove atTr-cted wedlings from a field. Ho"' '-' t. 
in the stefl plot and iti the g.irden it i.s wtirth while to remo'*' 
flestroy such id, ants, as i.s explained later. If the weather remaii ' '!>> 
ftdlowing the appearatice of the stalling, the disetuseti cotyletlons wih diep 
off heft, re turther infeetioti of the s<-edling ttikes ptlace, as already noiol 
f p<age Ifil In such a ca.'>e the field wttiild lx* tis free from 'iis* 
thotigh ( very di.seasi il seeilhng had lx;en removed. AppKtl (lOUi ir'’ 
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i\im1 that hilling young plants tends to prevent the spread of the 
(lisi i'i liy covering the lesions at the base of the stem, thus hindering 
(li,. -iiiiics from escaping. The small lesions heal afterward, and, while 
the laicci ones may develop and rot the plant, the spores pnxluccd are 
not alilc to l)e disseminated. hMgerton (1909:5) suggests that danger 
of ihi ilisoase’s spreading from affected seedlings may l)e lessened if the 
tidd i-^ not entered until the cotyledons have dropped off. 

Ijiirn'O thr jiUmtif untouched u'hile u'et 

A' has Ik'cii noted (page 170). a diseased plant may exist in a field of 
leans without the disetise spreading materially toother plants. If, however, 
when the plants an* wet, soim' iigent p;is.sing through the field comes in 
C'ontait with tlie dis<‘;i.s<'d vine, six)res are likely to Ix' distributed to 
plant' leyiind. .V very active agctit in distributing sixtres is a horse and 
cultivator, or, even more so, a ix'rson picking Wtitis. (Irowers of a large 
ttcivatto like to sttirt work in the fields early, and yet there are many 
inonninis duiing th(' growing sea.son wlnui th<“ dew remains on the plants 
tiiitil after tiitii' o’clcK'k. It is very im|M)rtant that o|XTations in the lx>an 
field 'liouM be postixiiicd tuitil the vines are dry. The ob.si'rvtinee of this 
pimple pieeaiition will do much towanl preventing a general infection of 

the In Id 

ilisrasfil vines in the fall 

Miiee the fungus livcs Over winter on the old jxxis and vines, these m.ay 
p i\o ^ sourci* of infection to young Ihuuis growing ne.ar them the 
fnlliiw iiijr spiiiijr ( hillowav ( 1S.S9) rccomiuends the tiurning of till diseastxl 
'till ])(i(ls. Both Harvey (1894) and ('ol)b (1891:385) Ixdieve it 
ad\i' l.||. t,, I, move and destroy all clige!ise<l vines after harve.^t if the 
Palm hiiiii t(, 1 ^. Ihviiis the following year. Whetiel (19(X):209) 

■■'ai' ' that disea.sed [skIs and stalks should lx* removixl from the fiehl. 

' ' ‘nies atul ikmIs tire not so oft«'n a source of imxndum .as are the 
' * ' d^, ;,,id yet it is unwise to disregarii them altogether, (hie 

ito to a considerable ex|M^n.s»‘ to remove and destroy old 
' ' ' p from the field, but .shouhl present (heir coming into contact 

j" ^ ' Top as f.ar a,s it is practicable to do so. A rotation of the 

I' '"d the application of manure containing Ix'.an ndust' to other 
' ' ’" rent or the following year’s Ixtan field, are helpful measures. 
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Planting ut a time of the !iear}rh(n anthmcnosc is hast likely to be present 

Corbett (1907) suggests late plauling as a possible moans of avoidii,;, 
the disease. This may do very well where the growing season is lanj-, 
but in New York State the varieties usually planted require practically 
all the growing season to proixaly mature their pods. Since the months 
of July and August are drier on the a%-erage than the other months of 
the growing season, early-maturing varieties planted at the beginninj 
of July might be less likely to In' affi'cted with anthracnose than if 
planted earlier, as the dist-ase woid<l not have as goo<l an opportunitv 
to develop from affected seeds. There are .so many other factors of 
importance in deciding the time of planting, however, that this one of 
preventing anthracnose can be given little consiileration. 

Planting early-malnring rnrietii.s 

There are years when anthracnose does not l>eeome prevalent until thr 
fall rains come on. so that an early-maturing variety would esciqv 
infection. .\ variety of white pea bean known as I'larly Wonder i- 
recommended by .Miincie > lOlto to Michig.in growers becaus<" it iipcis 
from ten to fourteen day,-> earlier than other varietit's of this kind, ami 
thus matures before disea.ses h.ave made serious invasion into the ti-'iir 
of the pod, with consiriueni spotting of seed. 'I'his l)ean <io(‘.s not rijx'ii 
appreciably earlier in New York than does the ordinary Navy Pea. 

Spraying 

It is interesting to note that even tjefore the diseoverj' of bordeau.'t 
mixture, the application of a fungicide to be.an [xxl.s for the control of 
anthracnose had been made. Frank ( 1 S.Sd b , .VJ.'R fouinl that flowers of 
sulfur greatly decrea.ses the number of eases of infection but proviilcs 
no real security .against the div‘,as<*. .''cribijer ( 1H.S.S . fMi-1) states that 
urifler some eircumstanef-s ap|>lie.ations of .sfjlutions f)f sidfate of iron 
or of copper m.ay be made, but their us<“ on the fruit e.annot l)e geiierall}' 
recomrnendefl becau.sr; of their [roisonous eh.aracter. Ilf; suggf’sts the iK 
of liv'er of sulfur, one f)Unee to live gallf)ns of water, (lallowiiy 
recommends a vf'ry early .'qfplication of hyjKwulfitc of sofla, one ouiKt 
to one gallon of water, fir i»f |)ola.isium siilfiile, tnie-ffjurth fMincc to 
gallon of water. I wo subsetpient sprayitigs shoultl be mode after the 
pods are from one-half to two-thirds developed. 
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Fivi ypars aftor fho introduction of bordcaux mixture into the United 
several investigators ro(rominende<! its use for the control of bean 
anthraciiose. Beach (1892:311-317, 326) experimented with cupric 
berate, ctipric polysulfide, and Ixirdeaux mixture. The last-named was 
miK'h superior to the others and increa.sed the yield to nearly double that 
of unspraved plants. Beach emphasized the importance of spraying 
ihoretielily and of using a nozzle that would produce a misty spray. 
He believed that thtv addition to tla* mixture of enough soap to make 
suds would cause th(' mixturi' to form a thin film over the leaves instead 
of minute drops. Mef’arthv (1802:11) recommends either an iron 
sulfati' or a pota.ssium sulfide solution with lime, to which mola.s.ses or glue 
is addf'd as a sticker. He recommends also, as a substitute for the spray 
joliitioiis, a dust mixture eom|)osed either of sulfur flour or precipitateol 
copper carbonate' diluted with some dry {xtwdered ipaterial. as air-slakeol 
lime or whi'at flour. He' bedie've's that the apidie'ation .sherulel t>e made as 
jeirin astlii'fleiwe't's have' wiiheue'e! if the-re isanyelisi'a.se in the neighborhood. 
Halsted (IS!),") (Halste'el atiel Ke'lse'v] to 1001) carrie'el on spraying exjx'ri- 
'ni ntswith he'ans fe)rse've'ii ye'.irs. He' use-d a !:irg(> numbe'r of fungicieles, 
iii'liieling lime'-beirele'aux of varietus stre'ugths, se)da-be)rele'aux. pe)tash-l>or- 
leaux, ainineeniaeal copjV'r carbe)nate, eau ceh'ste'. creedin. anel jwta.ssium 
eulfide', Seiap alse) was u.se el in ceembinatie)!! with e'erjijx'r sulfate anel with 
'an ee'lcste'. Halste'el fe)unel that tlu're* was little elilTe'renee In'twe'cn the 
'eiiular bordeaiux anel the* sexla-be^rele'aux in the'ir effects, but the other 
iinnii'idcs preive'el infe'rieer anel e-re'eeliti was jirae-t ie-ally weirthle.ss. When 
iiithr.icniisc anel blight we-re- pre'v.'ile'iit the-y we-re re'due'eel materially, in 
iiusi c,|.;c.;, l,y spraying with beinle'aux. With the twer suce e'ssive eroj-rs of 
(llal-icd, 1,S07'33I)) anel the' twe> of IS07 (Hal.^te'ei. 1.808:310,312), 
lie' e hci k reiw yie'leleel meire' beans than eliel the spraye'el rerws. During 
lie' diy M ax, ns of the* year 1!MK) (Halste'd, 1001 b 120. 121), little or no 
was e)l)t;un,'d freiiii Spraying. Whetze'l (lOtKl 208) relates an 
iistaim- ill wliich a single spraying reeluceel the ame)unt erf anthmenose 
b pi 1 Kilt. Blin (1006) obtaiireei n*latively gexxl re'.sults in France 
■uiinj: I'Mil and 1002 f re no spraying with boreleaux. \ em Diakernoff (1009) 
hi^i'a biirde'anx or .a ce)p|x'r-sugar-lime mixture. 

^ 'miiiv .agrie-ultural age'nts have* oeaausion.ally rejxrrted instances in 
II tV * ' given gexxl re'sults in preventing the diseii.se. Nearly 

11 spiay e'idendars and bulletins on the subject issiUHl by the various 



182 


Mortier F. Barrus 


expcrinioiit stations iiu'liulp spraying with bordeaiix nuxtur© in Ihpif 
rpconiincntlat ions for control of hoaii anthiacnoso. In later ^cars, instimcft^ 
have occurred in whudi hordoaiix was leiHuttHl as not succosp>iiil in 
controlling the disease although the vines were well sprayed. 

Fairchild (1894). White (190(5 9.‘)), (’orhett (1907), and Whetzel i I'Kis 
433) question the practicability of sfiraying beans generally, altlmuirh 
granting that there may be circumstances under which it could he n i dm. 
mended. Whetzel has succeeded, however, in controlling the dmraM. 
on a few rows by thoroughly and iiroixuly aiiplying the mixture wnha 
hand machine. He says that thi> field machines are not constructnl 
that the mixture can be a[iplied as thoroughly and efTectively as by liai.il. 
He believes that until a machine is juit on the market capable of delivi-iii i; 
a spray that will cover tin- stems and the pods at any stage in the growth i f 
the plant, little or no results can be expected from spniying. and eviai du n 
the practice will be \'er\' (‘X[H‘nsi\'t* bt*eati-se of the imichiiu'ry, chemcMb. 
and labor involved. Hollma:i ' lOl.'x spraved plants grown from aUVn.d 
seed with 1-per-cent bordeaux mixture without much succes.s, but In' 
advi.ses its use as a protts-tive measure, Fischer (1919.249) lelb ei 
iSchander ami Krau.se's exiK'riments at Hromlx'rg, wliere a 1- or J-pr- 
cent soda-bordeaiix and ;i I- or 2-|x r-cent limf'-bordeaux were used. 
The soda-bordeaux killed the |)laiits ;ind the limi'-lK)rdeaux injurtal iIhiii. 
at least when the .solution cont.aiiied just enough lime to neutralize il.'' 
copper sulfate solution, bater i‘X[hi iin“nls with l-|H“r-<’ent boideatix. 
even when seed from healthy [smIs sorte,l from dise.asial plants w:is ii'id, 
reduced oidy slightly the number of .affected ixmIs and did not i)ic\eiii 
the disea.se from tqtije.anng on the li-.ives .ami stems. 

The writer conducted >[ r.aviiig exjs-riment.s during the x'cars 19ti'' 
1909 in large fields of catmiim beans at t tm-ida. New Yf>rk, in cooitei iti"” 
with the Burt Olnev ('.inning < 'omp.mv. in siytill exiierimentiil pi"'- at 
(Jneida during 190^. 1909. .ami 1910, .and .at Ithaca, New York, I' l' -i' 
years after 1910, 1 he field ^pr.i\mg:s wi-re comluiUfsl on 200 acres oi niei' 

of beans. Thc-,e were -prayed five times dining the growing 
at intervals of about ten (l.av-, the tipplie.at ions iM'ginning when the pi m’' 
were just f)Ut of the ground .and contitming until <after picking had 1' giiH' 
Bordeaux mixture ' I } wa.-, used on p.art of each field .and lime- iih"' 

' l-.aO; oil another jiart, the two spraved .area.s being (K'paraterl l>y 9""'* 
unsprayed rows. With the varieties of U.-ams grown, Refugee Wax aiiJ 
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Kofni:' '' (’■non Pod, the pods and the undersides of the leaves, which are 
{)i,. juiiii'ular points of attack, are so protected by their bushy growth 
that It M'ly difiicult to tipjdy the mixture thoroughly to these places 
ihi (irdinary field sprayer. A Niagara gas sprayer was used and 
ihc iiiiMiiie was <lelivered at 100 i)ounds |)res.surc from near the ground 
t . ihi 'nh'S 'if tlie plant (fig. 20). Two and .sometimes three machines 
x\(iv krjit busy during the si)raying staLSon. In 190S the company 
f\pr!i< h'll sl(K)() fur bi'an sprayi ig alone, and in 1909 the exiM'iiditure was 
Sl.yo bai li application cost about ."^l an acre. Thus the spraying 
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I'l MKiUM \M 1 AriMK^TI H FOR I'KKI-AKIMi HOBni Al X VIXTCRf. IS LARUE 
•-I 1 III-. \MI -.rKATIMi UM'inst. llK\I**KII K''rErlAI.I.T IilK M'RATINU BEASI 

ail' 111 sufficient im|Mirtancc to the oflicials of the company for 
"I'll to have its vtilue dianonst rtiled. and thi.s in spite of the fact 
' iiml lii i'ii spraying for the |Ei,st .si'ven year.s. 
il it ion of the yield, and of the amount of anthr.acnos*' and blight, 
li"' center uns|)niyed check rows and for the three lionleiiux- 
adjoining, w.as mtnle at each picking of ever>' field. \ 

I the yield of plants sprayeil with linu'-sulfur wtis made 
I I' W fields. 

nut of anthracno,se atid of blight during the two years was 
I he dilTi ■renee in yiehl Is'twtx’n spravisl .and unspraye<l rows 
" ing one year in favor of the sprayisl rows and the following 
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year in favor of tlio unsprayod and in Both oases being well within thi 
range of experimental error. The company has since discontinued spnwini 
beans. 

During the eight years since 1908 a few rows of beans have h,.et 
thoroughly sprayed with bordeaux, and a few with lime-sulfur, ; 
hand machine being tiseil. From four to six thorough applications wor; 
made throughout the season, beginning .soon after the plants airivarfs 
and continuing until the pods were about two-thirds grown. The first vru 
neither anthracnose nor blight appc'ared to any appreciable extent. 
on the check rows. In 1900 no anthracnose was pre.sent. but the l)li;;hi 
appeared to be e<uitrolled somewhat by the application of the spray. 
With one variety. Refugee Ciieen Roil, theri' was no blight on tht' spra'.ii] 
rows while iti the unsprayed rows 8 per cent of the pods were spnitci 
with blight. ()n the Red Mariows th.it were sprayed 2 jX'r cent of the 
pods were spotted with blight, while the uiisprtiyed rows had 11 ix r n’lt 
of spotted polls. 

In 1910 both anthr.ietiose ;ind blight were tigtiin tiegligible. In 1011, 
one-third of each of six rows w.as planted on .June 22 to si>ed of 'evirJ 
varieties tni.xed together, .ill badly s|)ott,.d with anthr:ieno.se. .Miv-l 
varieties were used bocause it was not ixissible to obtain :i sullni'tit 
quantity of affected seed of one v.iriety. riie reniaitiitig two-thii'b "i 
the si.X rows were phuiiid a' the s.ime lime to si'ed .selected from 'liar, 
pods, thiee rows to Red .M.arrow and three to Xavv Rea. The fii't .el 
fourth rows were spr.ayed with bordeaux. the seeond and fifth roii, w'l' 
not sprayed, and the third and six'll rows were s|)raved with lime— ulrir. 
Powdered arsenatf’ of le.id at the r.aie ot 2 ])ounds to .’>() gallons wa- .'I'lili'i 
to both the bordeaux and the lime— ,iilfur, in the ho|x' of killing lie"- 
that might be initrumenial in carrying the blight orgtiiii.sin. l ive api'h' 
cations were mad'' during the -e.-i.^on, on .lune' Id, .July 1, II, and ar' 
.\ugU3t 9. (Irie-half of the jiiaiits in that jiart of the |)lot fartin'' li'iir 
the end plaiited to spotteil .-.ei-d wert' inoeiilated with HUS|)en'iei' "■ 
sprjres of two sti.uti' (,f t<,lni)niiii Itmlt inuthiiinuni which h:id pie’" 
virulent on the two varieties. 'I his left one-half of the |)lant.S from cl'ii" 
seed as a middle third of r-ach row uninoeulattsl with the fungus m ii't' 
\va\ except with spore-, that iniglit Is,- carried to them. Two inoeni itini'i 
wire made. f,ne f,n .Inly 17 wln-n one-half of the pl.ant.s .set, a.side 1‘ r 
purpose were inoculated, and the other on .Vugast 22, when the rcma'ii'l^" 
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w inoculated. These inoculations \v<>re made at times when the weather 
roniiscd exceptionally favorable conditions for infection, and it proved to be 
) ill each case. The plan of the experiment may be outlined as follows: 



■ Cit-an heed 

1 _ , 

Appl'cation' 

Plaiit.A inoculated 
artificially 

I A^poitcd seed, 

plants not 

! IMants not inorulAted j inoculated artifically 

1 artificially ^ 

)nleau\ I 

H<*<I Marmw 

H«‘<1 Marrow 

-Mixi'd variftie.s 

"prAN'"'! I 

H**<1 Murr<»w 

Ut**! Marrow 
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iiu'-ulfur I 

M.'irn*\v 

H***! Marrow 

-Mixtd varietie.s 

icli'aux II 1 

Navy I’ca 

N'axy I’ca 

Mixed varieties 

It 'prii\' d II 

Na\y I'ca 

.Navy I’<a 

Mixed varieties 

DJ(■-^ul^ur II 

Na\ y I’l a 

•N'avv I'ta 

.Mixfsl varieties 

:j 


. 1 =. --- r_ 
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The spotird seed wa.s lai'tjely of tlii' wa.x ly|K‘, and the |)ods were picked 
*ii'ii a inajiiiity wei(> of iiiarkctalilc si/c a.s .siring beans. I'he results 
nil this expel iiiicnt are jjiveii in table' <. 'l lu* liealthv jxids. after Ix'injj 
rted (lilt, left in a baski'l for thn'c* days. I'liev wen' then sorteei 
‘till and the peiccntai'*' ot [mmIs that had sinitte'd in the nu'antiine was 
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determined. Xo imfwrtance is attributed to the comparative yield 
number of [Xids given in table 7. as the seed was mixetl and more 
of a prolific nature may have been present in one row than in another. 

It is seen from table 7 that there was a decided control of the dise;); 
by spraying with eitlu'r l>ordeaux or limt'-sulfur. Tile control is e.-pi dJl 
noticeable on ]>ods three days after jiicking. 

The results with field tx'ans grown from healthy set'd are given in nili] 

5. It is seen from this table that spraying the vines with either hnnhaa 
or lime-sulfur materially rethiced the ptweentage of s|iotted po(|^ dir t 
anthracnose. The spraying does not apjiear to hav<' controlhnl the Midr 

The ixids sprayed with bordeaux in the nbove exix'rimenfs weie d' ( iilnii 
discoloreil by the preeipit.ite from the mixture. Fawcett 1 1007 |)(.i:i; 
out that this may be avoi<led Iw making the last ap|)Iication with .iiiiiiki'iij 
cal copix'r carb iiuite. which leaves no stain. The p<hIs spray. il w;: 
lime-sulfur showed no eviilt-nce of st.iin :it [licking time. 

In 1912 cumjilete results from spraying wen' obtained from nnlv 
small plot, two-thirds ot which cotisisied of Red M.irrows pl.inicd 
seofl from clean [lods whih' llw other third of each row was pl.im. .! a :: 
spotted .see(l of mixcii vaiietie..,. The pl.'inling w;ls dont' on .lu’... !- 
atid ap|)lications of fungicide^ w< re made on .Jidy 7, 17. and 2t), an'i Vm::- 

6. Ronletiux l“-l-.7t)i atid lime-sidfnr 052’ Baumd, 1 .’lOi W' t: 
fungicides u.sed. the results .'ip' 'dven in table 0. I'Vom this i.ilbiii 
seen that no control of tinthracno'S' w;is obtiiined from sprat I'l;. c. 
that seeds from chan jxhI.t were netirb.' tis badlv tiffeeted as tin.-, ii'.ii 
Spotted seeil. I'.arher in the .ic.a.son i.Iulv 26), however, tlu' plan'' ft t 
clean seed had shown [inictn-.ally no infection, but infection w;i.s 

on the plants trom -[xittiil -etii. ('f)ol. rainv weather during .tugi.' 
brought abfjiit ;ibund,tnt inft’cti()ii frr»in numerous sourei'S. 

In 191.1 spr.tviiig wa.i dom- c)n seven vtirieiirn [ilantcfl in elct'ii pb' 
.■)0 feet long. Plots 1. 2. .and d were [daritefl with fs-r-d a sin.'ill [m I ' 
of which was spotteil witli anihr.unose; [>lot,s ■}. .a, fi, 7, .k, anU '• "i'l 
■Sffd a huge pcMcnt age of which w.as similtirly ,«poftrfi; and plot- hi 
11 with -eeil Pom .-electeil clean [kkIs. The [ilantiiig W!W doni' on i'ini'3 
The Red N'ah'ntine .and ("'halh-nge Black Wax Ix-ans rlid not g. mi'ib' 
wfll ,uid wiae te[)l.anted on .Julv 12. .\p[)lieaf ioas of fungicides w . 
on .July It; and 26, :ind .\ugu.st (J an.l Ri. The Navy Pea and Ucil Ivi'l'"') 
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Ijeans. since they would mnliire lat('r. were fjiven another application ot 
September S. Bordeaux (d d dO). I’vrox d pound to 5 gallons of water 
as recommended on the label), aiul linu'-sulfur (82° Baumf', 1-50), wert 


TABLE 9. Yield, and Number and Percentage ok Red Marrow Bean Pods Sponu 
WITH AnTHRAI NO<E, IRilM SpH^YED AND EROM I'SSPRATED RowS I.N 1912 
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table 10, .slii)wir.g 


the results; 
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The si'iisoii was dry and aiilhiai-iif)S(‘ was not abundant, but the results 
n plot;- 1, <), and 7, the oidy oik's havinjj a considerable amount of anthrac- 
osc ill the clK'eks, lead to the conclusion that the fungicides were effective 
, the following order: bordeaux, Pyrox, lime-sulfur, with the latter falling 

loit somewhat. 

Spraving was continiK-d during 1914 on Refugee Wax, Davis Wax, 
lagcolct Wax, an unidf'iitific'd wax, and Rur|M'e’s Stringle.ss (Ireen Po<l. 
ows .■)() feet long of each variety were pl.anted on .lune 2. on plots situated 
do liv sid(' on the same' land that was used for this ])urix)se in 1913 
alilc 11 ). I'he Flageolet Wax contained a largi' percentage of seed sixitted 
ith anthracnos(‘, but tlu' seed of the other varieties included only a 
nail amount of s[)otted s('cd. The row of Flageolet Wax had many 
.is<ing liills. .V|)plications of the fungicides wcr<' made on July 2. 15, 
id 20, and .\ugust 9. ( )ne row of each variety was siiraytal with bonhauix 
I-.' .ID'.one row of each, except the unidenlitied wax, with Pyrox ( 1 pound 

I gallons of water), .and om* row of each exei'pt Flageoh-t Wax and 
10 iiiiideiititiial wax with Sulfoeide, a eoininereial sulfur sohit ion (1 gallon 
) 20(1 gallons of water). The remaining row of each variety was left 
nsprai 0(1 as a cheek. 

In onler to insure atithraeiiose infection, two inoculations with si>ores 
( tijli lull irliinn Imdi iiiutlii<niuni obtained from cultun's wi're made, 
le on August 2 and the other on .\iigust 1(>. Favorabh' weather for 
fei'tioii followial in e.aidi e.a.se, and the weather at Ithae.a during the 
niiiiior ((intiniKal f.avorabh- for the development of the pathogene. 

II the \arielies matureil their jxsls iH'fore fmst and .a naa>rd of healthy 
id spelled jiods was made on October S (tabh*s II and 12). 

1 Ins experiiiKait shows that all the spiay materials u.s 4 'd had value in 
■e oeiiirel (if anlhraeno.se ami blight. I'he ]»lants from sjxitted .s<a'd were 
■dl\ .(III oieil, (|„. e,,|||ci,l ,|f ( |j,, ili.s<'as<' bv spraying was not so 

lOd III, |1„.|,, 

n 1 11.) but one variety, Davis Wax. was used in the spraying ex|')cri- 
!'\o rows .■)() feel long were planted <>n June S. one to 1 m> sprajaxl 
^ " 1,1 1(1 1 ,,, elu’ck. One-third of each row was plantcal 

variety sjiotted with .anthra<no.sr>. and the other two- 
' nil Sled from .selected ele.an ixkI.s, thorough mitural iiKK’ulation 
P n ' , ,ind so it wius not nccessiiry to inoculate artificially. The l^eans 
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appeared on June 16 and applications of a fungicide were made on 
19, July 3. 10. 21, anil 30. and August 7. Pyrox (1 pound to .5 
of water) was used fur the lii-st throe applications and bordeau.x ,1 .y, 5 ( 


TART F 11. Yield, .ind Xi mbfr .\nd 1’ehi fxta<;e of Pods Spotted with A.vtii 
-AND WITH RlIGHT, IN SPRAYED A.VD IS rs.-PHAYED RowS I.V 1914 
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T reat ment 

Total 

mmilxr 

of pod' 

aiithrarnos^ 

i'll nr’ 

IVr 

Nuiii- 
IHT , 

i 

Per j 

j 

Num- 

ber 

1 

R.T.l.aix 

1 ,1.T) 

:! 

0 d : 

- 

II [ 

Pvr..x 

Fl.il 

10 

0 0 : 

;} 

(1 J 

r'h.-ck 

1 . lo7 

1.0 

■S s i 


(1 ,) 

"'ill' iri.fi* 

1 .ai: 

od 

7 1 ' 

t 

: i 

Rord-'a i\ 

i.lJ 

■Tt 

7) 1 

1.' 

'(1 

P-.r,\ 

I7:> 

10 

4 0 . 

11 

.j 

, k 

dll 

.’.f 

0 0 

:>'> 

D 

'ul: ie 

17.i 

10 

H : 

*7 

!i •) 

R••r i„.i i\ 

71 

f) 

s 0 

.*1 

t| X 

1’-. r-'V 

'») 

Jd 



) ; 

Gii..k 

171 

l.'ll 

s ; 

1 

J ! 

H‘ 'fii* a i \ 

,v)i; 

.’0 

1 0 


1 0 

< h»-' k 


Iti 

is d 

1 : 


P,,.r,|, .iu\ 

77*» 

( *1 

\i n 

10 

1 i 

P-,r,x 

»*7i) 

to 

t; 0 ; 

♦) 


rf,,„k 

«di 

Idl 

20 d ! 

JS 

u 

''’ilfo* 1«1»* 

HI 


Id .4 , 






- “=r=r. 


- 


lAHI.K Ij A'.IKA'.L PlRiENTlof. *tF Pol,,. Sp<erTT;D WITH ,V VTHRArS«|,,t * ■ ‘ 
Ui.i'.Hr >H',M no \ \Ki,,i T 'iKirn, am, 1 '..iphayii. Plots o.v the Rr.spf.' ti ^ 'f-'C 
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li, ill, lidii'i' throe, flio ohaiino to hordoanx Ix'nig mario because of the 
to the vinos from tho use of Pyrox; throe hills, in fact, 
,,ri killoil. and tile others on July 15 looked verj' straggling from the loss 
ii„ II liiwof loav(‘s, s(j that they pn“S(“nlc<l a much less satisfactory 
ii.iiicc than tho unsprayod rows, oven though they were but little 
jffii ii l with antliracnoso. 'I'he ro.sults of this experiment are given in 
alilo I'i- 

.’\Iii.L 1 I Yield of Davi.s Wax Beans, Nomher and Pf.rcentage of Pods Affected 

III! \MIIR\I 'OsE, AND WeIOUT OF (;(K)D AND OF Cl LL .SEEDS, FROM SFRAYED AND FROM 

1 N.l ilO ! I> l!o« s IN I'U.") 
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iriii'iit . altlioiigh not condui’lotl on .an i xti-ndod scale, shows 
d ' till’ roiitrol lliat <’an lx* obtaimal bv spia\ ing tlio planl.s 
id with liordoaiix mixture a sullioient nuinlx r of times during 
pioteit tlu'in. 

A I' ( ontimied in I91t) on Havi-s Wax and Hofugta' Wax Ix'ans. 
^ I' ct long of each variety were planted on .luiii' 10; sjx»lltHl 
1 "1 one-third of each row. and healthy siaai in the remaiiuler. 
'1 nioriilatioii.s were nuule. One row of each variety was loft 
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uiisprayed as a chock, ami one of cacli was sprayed with hordeaux iiuxtuf 
(.5-0-30) on July .J. 12. and 21. and .\.u‘iust .J. 11. and 21. Data olit:ii!,i. 
at harvest, October 4, are fjiven in tabl(' 1 1; 

TABLE 14. ViELD OF D.wrs W.\x and REriviEE \V\x Beans, and Numiuh o 
Percentage of Pods Affected with An"!ikacnose, From Spuayed and fhum i( 

SPRAYED Ro«' IN I'Uli 


Variety 

Treatment 

N’um- 
Ix r o! 
plAiif'i 

Tetal 
niinls'r 
..f p.1,1, i 

PiNls atTceteil 

AVI til 

aiitliracno'C 

j Wciglit 1 W'.-iy.. 

j of go, 1,1 „| , 1 | 

1 S|.e,l 
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1 

DaAas Va\ 

'pr.o ...I 
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.V* 
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ImJ 

I7.‘i 

Refugee lVa\ 
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.Vet -pr net 

Ml 

71 
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I's'iJ 

to ! 

IJI j Is 

.i7n 111 

It seems 

to the Wt lilt. 

III vi*-\v 

0| t he 1 1 

■'lilts of tln-^e expelimeill 


anthracnoso and pn--iblv blmlit ni.ty be kept in check 1 1 \’ t Inn i)Utrlil\ 'H'”- 
ing the plains wnh bordcaiix inixturc, if the I'lieraiinn is Ipcgiin snni' 
the plant' ha'.i- appeaieil abo'.e i;rouni| and coin iinnil at intci', ib .' 
about ten liays until the poils ap' pMching iiiai ket able size. 'I'tn' n 
of the growth ot the plant' deteiinm*'' to a considcr.able degree wii.lii'''' 
they may be 'pia\'cil aa'cH uiih a .'pra\ing machine, \aiicties 'U'li c 
those uscil in the held experiment s at i tueida are .so bush\- that it i- . 
difficult to .spray them ihorouglilv, while such varieties as ('r\si.il W n. 
f.iirrie, Davi'. Detroit. I )ouble-Bai le], and others, uhieh have a iip'' 
erect growth, although comp.iet. are k-ss diliiciili of 'Ueh treatmein 
The fiehl i'X|)erimein s at ( tm ida 'how eonehi,sivel\' that it d<ics i ei ]i.i' 
tt) spiax during a, ilrv .'ea-oii. ''jiiMving e\jHTimeiiis condiiclii! c, :i 

small scale with hand -piaveis have 'hown that it is po'.sibh- mi'l 

the thsc.a.'e tf, a eon-ii|enible extent bv this method. Whether the di'C.s' 
f.ni be eoiit rolleii a' \A<11 with traetitin or power inachine.H liuring • n'l'i'.'' 
totic jeai.s i.s ye* an uii.settleil (jue.stion. 
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In n'lrions whoro aiithr;icii()S(> usually occurs annually, spr.ayiiifj can 
pi()l):ilil\- l>c uscil to .'ulvaiitaifc if iIk' practice is supplemented Iiy the 
III i li an sei'd. In New York sprayiiif' is tint pra<'ficable for jirowers 
iifiliN lir.tns. and prul)al)l\- not for ^'rowers of cannitif' beans. If the total 
,(is| Ilf inakiiif' five applications is .'s 7 ..')l) an acre, it would be ncce.s.s:ii-y 
fni iiiiiui rs of dry beans to s;ct from spraying an increase of 1.5 bushels 
;ii, .II I, each yt'ar with beans seliinjj at .S 5 a bushel in onler to balance 
acinuiii .V decided increase in yield could be (‘xpected in a year when 
iinlln ii'nii'-e was pno’alent . but noni' if the seii.son were dry. If an epiphy- 
tniic Ilf die disease oeeiirs in two out of .seven years, as was the case from 
]!)iis'iii I'tlo. then it would be necessary for the ^rowi'r to eet an increase 
frnni '111 a> ini' of aliout 5 , Inisliels in each of sueli two years in order 
tiii'iime (lilt ('ven. Iti order to make spi-avinn pay. be must net a tireater 
iiinea'c I'l \aeld or the .sellint; price' must be <ireat<‘r. atnl the' time spent 
in spia.MtiL' must not be at the expen.se of other farm operations. 

A jipl'liiiij <1 fiinijiridi’ to j)irh(il //O'/.'' hiforr.-htjijiing 

liiilfs ls'l7) reeoiutnends the application' of a sulfur spia.\' jtist bi'fore 
lull kiiie |iiid' for shippitu;. in older to kill the spores adherinic to tin’ pods. 
I'lnvi'i'ii l'ii)7i also ICC' iinineiids the application of eitlier ])oiassiiim 
f-ulliile III ,1 'oda-siilfur spray lie s.i\s the pods should be si/read out 
oti the linin' ati'l the sjiruxtim Solution thoroughly aiiplied. the pinls 
bi'iii'i till lied user dui'iiiu: tile operation so that all the surfaces will be 
<'"'.eiei|, pods should 1 H' ulloWcd to (liv licforc Is'iiiu efatcd. In 

*'"'lii niirii;,id further ajiaitist infection. Kirk i I9(l.')i siinaesis the I'xelusion 
f'' :i!ie, I'd piiils ill p.iekimt. and rulion ( I90S 12! says that affeetisl 
P'"b 'Iciiild hot be picked. Washed, nor paek<‘d with sound on.'S, ( 'on- 
b"!''' 'li'iiild be so ilevisi'il as to allow piod ventilation, and the pods 
111 'turi.il ill ns diy and cool places as is possibh'. ,''ince there will 
I’ ' liiaeiiose infection on polls duriiu; shipment if the di.sease is 
t in the held, stress should be placed on sUch control. 

Applicdtum Ilf II fuiujiriili' hi Ihr soil 
Ilil'ii 1 p)()()a ;{si)) is tile otily investigator who has ever recorded the 

"I "I atiy fungicide to the soil ill an ciTort to control Ix'au anthrac- 
■ 'I 1 III ||i.,| e.xiK'riinenl there waa no HiitlirjicnofM' on titiy of liis liean 
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plants throughout the season although lilight was present to some exii rn. 
He applied bordeaux inixtun' to the soil at th(' rate of 4320 gallons (n il),. 
acre. In the first crop of the year the blight was reduced one-half o., 
leaves and pods, but in the .second crop then' was just as much bligln (,r, 
these plants as there was on the check. Moreover, the plants growiiia i.u 
land that had received the application were smaller than those on the un- 
treated soil. 

Rotiition of crops 

The idea that the fungus is able to winter in the soil has led ni mv 
writers to recommend, among oiln r suggestions, that (h(‘ grower sho i! i 
not plant beans on land tliat bon- .a disiui.sed crop fhi“ pri'vioiis se.i.. ,■ 
Harvey (lS94.1.a3i calls attention tothis. and in the stinu' yiuir Cobbi Isui 
advi.ses a change of grotind. Il.ilsri-d il!>0t)b; 127). .after growing b ^ < 
each year on the same grouiiil for a numl)er of successive years. fniK.u 
that the plants yicMed mote in tlf tii't four ye.ars than when grou’ n’l 
new land, but less afterward. I’su.dl'.' a groater niimlxT of s|)otted pn 
were produced on plunt< grown \i ir .ufti-r yiuir on the s.ame land. 

01).SPrvations were made by the wiio r on beans grown .as the .se\. 'i, 
succes.sive crop on the sami' l.uid. The'.- .appi’.areil as thrifty, ami yi' ' i ' 
as well, as any crop grown on rot.it. d l.in.l, Mon over, they w.'re a- ii. 
from anthracnose aiul ITglit as th.- oiIi.T'', .although in f.airness it in 
be said that the summ.'rs h.nl l>i‘.'ii ilr\ for the three vears prma'ding ’f 
ob.servatioii.s. 1 here i- linh' .■hari.'.' of .ant In ;ieno«c ixa airring where b. i' ' 
are planted year after ye.-ir on th.' .-.ame ground, if the vines, whiai ,alTe' '' -I 
are not returned to this .soil, lie a. i-i goMO r .hinger that such a prie 'ii" 
will introduce other di.-iea.si-,-', esp<-< i;dl\' .ai. ni rots, whi.'h lend to reduic 
the yield materially. 

Sil(rtii)t) Ilf rt i.-liiiit jtlnnls 

As has been state.! earlier in this (i.ajiei r pa^o 149), no variety of Phos"'^"' 
vnlfjfiris has la-en foun.l to U- .absolut. ly irnmune to anthruenofM', .althe , i 
a selection of the ordinary Heil Ixnlnev has Isaai oblaitiml which be 
proved to lie resi.s'ani to such an extent that it will pnKliice a ’ 
satisfactory yield in ve.irs when the ordinarv lied Kidney Ix'eornes b He 
afleeted, and a Nova .'scr.tia White .\farrow has Ixxui located that sh ei' 
consifleraide re-i-tance in the tiel.l although susra-ptibhi in the srs'dling 
•Stage when inoculated artificially. Inrlher pnigrcess in obtaining re-sis' uit 
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t,pans with thosoas a basis for hybridization is being made, the resistance 
b.inir ivadily testwl by artificial inoculation in the field, the cold frame, 
or iho grcon-house. Selections can Ije made of large numbers of indi- 
viduals by artificially inoculating them while in the seedling stage. Any 
sliowiny marked resistance can be allowed to mature seed, and further 
tc'ts can be made w.fh them. Inve.sf igators are l)eginning to realize that 
the M'lection of plants resistant to disea.se is a most practical and .satis- 
faelmy mi'thod of di,s<>a,se control, and even !H)w work of this kind is 
enyaaini; the attention of i)hytoi)athotogi.sls to a vry marked degree. 

As ali(\i(iy stated fpage 119). there are m.any varieties of beans which 
vhile s„.ccptil,le to one str.ain <,f (he pathogene. are resistant to the 
other. It lias been observi'd that often only one variety of beans is grown 
ill a given locality; for example. Shepard (1010) reports that in lOlS pea 
beans eonstituti'd 7(i imt cent of all beans grown in Orleans ('ounty and 
77 per cent of all grown in MonrcK^ County, while in Vates ( 'oiinty only 
|1 per ei nt of all beans are piai l>eans while dO jx-r cent are \Vhit(> Marrow. 
20 per cent are Yellow Ky(.. and l.'i |X'r cent are H.al Kidnev. It hapi>ens 
Jl'." pua bean refernal to is sus.a.ptible to strain n/p/m of 'the pathogene 
'">t i-Mant to strain Mu. while the other varieties mentioned are 
susceptible to strain hrl,i but resi.stant t.. strain It is very likely 

t int in legimis where the pe.a bean is grown, strain Mu iloes not exist 
-.It .t! ( xt( Jit. and the introduction of ch-an scimI of varioli('s rosi^stant 
strain, even if sus.-eptible to th.> ..ther. would give crops of these 
'■'n,mcs Iree from anthrac.mse for a few y.-ars, Mventually the h,tn 
i * d a[)|M\ii. and. its host Ixanj; prcvah'nf. would doveloj) 
f fjivorable for it. .■Similar results could l>e oxweted 

I f intniduction of the pe.a beau, or any other variety resistant 
i'lto localities where this strain is the only one prevalent, 
'll otlni hietors, to lie sure, which tend to di.scourage a change 

li ' h'liiges* ’ **'*''‘' ojx'ratotl to prevent 


( oiisi<lrr(ilu>n of prnphyhichc tncafnircs 
I"' "ithracnos,- occurs to a .serious extent in New York only during 
" lume \v,.| ,s<-a.sons m .succe.s,sion. and (he Ios,s<'.s occtusioncHi at .such 
n fort;f>ttcn hy the grower in the dry s«'as<»ns that intervene. 
'I'li .s mil with him then whether (he time and the money needed for 
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sucopssfiil contnil moasiiros would not Im' lost in rarryinp; thorn out. \( 
tho timo when tho disease oceurs. however, he is willing to do anytimij 
to lessen its dest nietiveness. Wit), heaii anthraenose. as with most oihrr 
plant dis('ases, control iiii'a.sures to ht' stieeessfiil must Ix' .iiiven eonsidi i.,. 
tiou Itefoi'i' tile dist'n.se .appears, or, hetter, l>i'fon' the la'op is pl;iiini[| 
and \.hatev('r iinaisiires are deeidtal upon must ix' carried out eompleoK 
Frantic attempts to control tin' dise.a.se after it has appeared are UsualK .. 
waste of time and money and cannot he uenerally recommended. 

Whi'ii one considers the vaiioiis measures siinp'sted for the c(iiit|,,| 
of thi' di'case, he must rcalixe that each has disad\'mitat;cs and 'l,,i 
the cO't would he lileater than thi' ftain weie all carried out even theiieli 
the disease was ilierehv contiolled. ."some measures olTer a ercater proiniM 
of success than others. 'I'liese arc here summarizeil and hriefly discmo.! 

.steeil ilisilifection lilav piovi' to he Woith whili', hut more eX|X'rine i.l 1 
work is ueces~ar.\' hefore it c.-m he recommended. 

The avoidance ot i-imdi'ioiis i.ivorahic to the tuiutus is a precaul ioi, e', 
mea'Uie that 'hould n i-i i\'e <-oii'ideiation from all Ixain ttrowers 'in ■ 
it involves litili' or no e\p,-nsr. 

Sprayitm is not .a practicahle measure for irroueis of i|rv Ih'.uis in .N' '■ 
Yolk, hut fiei|Ueiii and tlioroueli applications of hordeaux mixtiiie ■ ii 
he depended <m to proiei i the pl.uii' from antluamose: .and such a cotC’',! 
mea'Ui'e i- ptaetie.ahle wIxti the v.due of the crop is siillii'iently t’n i! in 
wariant the i xix ti-e involv. d. 

.Is far as ;m sent evicleiu'i- indie.ites. the application r'f a fungicide 
the soil |s impnn-l i( .ihle aiei iiielha iive. 

notation ol laops, m its, ||_ ;m|| not pre\i nl anthraenose nor leoae 
the haliiliti' ot its occurrence to am.' marked c\li-m; h it it is a me.i- ia 
tliat should jecej'vc some i-oiisic |eiai loii. suicc iis prai I ice mav mi '' 
keej) do\cn tlx- If^ssf... occasloiicil hv other dlsc*asc.s. 

1 he dl'intcrfiiei ot plckci] pods iced lie Cousldi'icil onl\’ liV Jtleie:- 
of 'iia[) hcans who slii[) to di'iaiit maikeis. d his will not lie neci - a. 
hir iftowcr.s who aic sui ccs...lii| m coniiollmi' the di.'Ciisc in llicir lici a- 
1 he Use ijf iinthl.aenosr--risj.tanl '.arieties is .-i .s.-il i.sfael ory nie.'ii ' 
coiitiol and should he t.-ik<-n ;idviinla('i‘ of when po.ssihle. 

I he piartjee rjf earelijl harnl-picKin^; in order 'o (elnove rli.seil.sed 
c.iiiiiot he de|)iaider| upon ;is an ellective eontrol mca.sllie Ix-cmi.s*' all' t''^ 
seel will (scape the eye ol the most praeliced ohiK-rver. However, tl'" 
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prai tirc will miuco tho amount of afTocfo.! sood planfod, and if the sood 
is iiiiinl oviT at least twic*' th(‘ chances of Knttiiiff a clean crop will he 
jriraiK iiiiprovcil as compared with tlx* use of seed that has not heen 
caivfiill\ hand-picked. 

SfM.MARY 

I’caii ant lir;iciios(' is a di.scasc of h(>ans. principallv affcctinfj \arictics 
(,f ri„:^,nh,s I... which Was first definitely reportc'd and de.serihed 

in fsf'' alilKiimh it prohahly existed ;it a much earlier <lat(>. It has since 
l)(‘cn ic|i(irli‘d from e\-ery continent, and from nearly every country 
^\licic hcaiis are arown. 

I'lic disease h.as caused V(‘ry laryu' los.ses in y.airs f.avorahle for its 
(lc\ clo|iiiiciit In the eastern p.art of the I'nited St.ates. ei)ii)hytotics 

lia\ ciirrcd in the years IhDll to I9()S and 191 1 to 1917. 

Al. pails of the plant, .-vcn the roots, are subject to the dis.>ase. hut 
it I< IIKI-I noiiceahle on the pods, where it forms dark, .simketi cankers 
wliicli "iili'ciiucnt K’ I'Xti'iid to the scc(| contained within. 

llii' 'poles ;:ciminate readily at room temperatures, within twciitV' 
i‘iilricnt (atlture media atid in hean aynar an.! more slowly 
in wan r. the eerni tithe usually forming an apiiressorium on contact 
with a li:i I (I Mil 1 st I at um. 

\ iiiodi'iaie i;idwth of m\'eelium is prodmaal in culture, which heconnxs 
laik-ioloied ;n„l aeervuli from which a Ih-sh-i-nlored ina.ss of s])ores 

''•'‘'i"! I inlia- favoralih- conditions spores may he produced afti'r 
th c, criiuili ( iiliincs lose their powa-r to jirodui'c si>ores hy aiic 

” ' 0 , 1 , ii,i|i i| i xijosiiic to tcm|»cral ut'i's ahove the optimum. .\.s thi' 
'I'" '. .'Ciac are produce.! within .atul around tlie ac.Tvuli. 

' """niium tciniM'rature for growth li.-s lM-tw<‘cn Ih and T the 
fipliiiiiii,i near ‘22’. tui.i the tnaximum hetw.am lU' and a few .ieLrre('s 

loui ! 

*1" Innmis after ent.ainn the host ext.m.l.s its hyphae horizontally 
«iiH I I iLioiially , 1 „. Ih-owniiiK of the celt contents occurs soon 

. ' ' ' attack. 1 he w.alls collapse :md ti lesion m;»y 1 h‘ ohserv.'d, at 

^ it )i^(. four mi(| (ia\v, aficj* inoru1;il ion. 

jl ' ' foinicd at ahout the time wh.'ii the cells coll;ip.se. and from 

pjij I ' "'"'ts |ilai'i‘s. a .•luster of coni.liophon-s whi.-h pu.sh up the 

tnrining pimples. S[K)r. s are produced at tho extremity of 
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the conidiophoros. and those spores break through to the surfae( 3 
pastv mass. The fungn.s is ea pa hie of living from one season to aiinilur 
and even for two .seasons, in old afTeeted vines and jxkIs, which may ^ rvii 
as a souree of inoeuhnn when earrie<i to the ficdd. Spores wasla'd luf, 
the soil are not viable to any evtent after .seven wrt'ks. 

The fuiiiiiis wlwn it invailes the .seed is ;d>h’ to live in its tissm - in 3 
niore or li'ss iiiacti\-e eondition for;'., least two ye;irs wheti du' e(»iidi!!n'.i 
of .seed st(V:iai' .ir,' not lu-.lavondih' for it. 

Plant, s in tin si'oilline: -'t.nre .anil the vonngest p:irts of older ])l;i' .rp 
the most ibie to ihi' disi-;l,si>. 

Thci'p ai'i' ai !''.'(-t two 'tnn’ns or liiologie forms of the fungus, li.a.v 
varieties of /’■' o’, • ’-i^ ro-i,.! mt to tht' one .are susceptible o, i|p, 

other, a.'id vi i' \'i i-.i Theo' .a;.- soiih' v:irieiii'S tlnit are very susei’Mil |p 
to both strains. ;itiil :ii li'.i'i oiii' tli.it i' hiirhlv resistant to both I'n. 

wax-podded bii'h b, ;i: - inihi.le a l:urrer tsreetit;ige stiMct'ptiblt' t,, '■ u'h 

Straitis th;iri aiv found iti od:' i eroiips of x'arieties. 

Several odier -pen. v ,,t I’li.i-eiihiv ;ire susip ptible to anthi-M '.e.r, 
but in this eountrv. with fue 1 \( c'p'io!,s, the di-si ii.-s* is not .se\-. 1 ’.n: 
often notice ible on 'I|| h Jil.llit' 

.1 tew spi . i, > (ii t he 0 I it,.d i.e ':ei I \'iirna ' eowjs'a 1 atid Iltdielios .. .In i 
and v:il bea'c h,i\e 'howii --oiiie -ii-ci.jitibtlity in a few ea.ses, bit: n' ;'' 
i‘tf otlier getie. i wliieh h ive 1 t'lociii.ited liave shown eom|)lele imin i 

larietii'^ oi /'/els,,,/,/. 11,. ;.i|i -i|.,,.,.pi i],]e to infection b\ : a 

eaii'iiig aiitli; e no-e of othi r pl.iiit-, -.o far as infeeiioti e.xfx'fiini ■ ; - 
thr'in have bi ri t|i, < 1 , 

Selei’tion ot -e,.,! 1 1 - .m cIi .o, po, |- b;i' trivial a i rop free from tint h: e ’ os- 
in nearly ;i!I ca-.‘->. .-ind h.i- ,ilw;iv~ uiven ;iiit lirai now-free seedli in 
elean -oil. 

W e-tern-gi'o\vn tieari .-.<•ed gave crops tree fri»m aiithrticno.se bir "i'!i 
eoii-idcraf/lc blitrlii. 

8pia\iiig widi bordeaux mixture throughout *hi‘ ,s<‘a,sr)n has pn". ne i 
iintliracno- • I,, ,, j.irtrc cxt<.i,f cvcai in .se.assms favoralile for it. b 
'(.i'On- -jaaMiig doe- not iniTea,se the yield. .VpplietiliotiH of lime ilint 
coluii iii .ltd of two pr())ind fuiigiejih'S gave .sotiitt control, but t > 
good eoniHi! a- del bordeaux iiiixtitn’. 

* '' 'i'Oint v.’jiiefje.s gave greatest promi.se of a sati.st > 

means ol com tol. 
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rU]I\ l'I()XS IN BAf’TKRIA COUNI'S FROM MILK AS AFFEC- 
TKD BY MEDIA AND INCUBATION TEMPERATURE 

G. C. Si pplkk', W. a. Whitinc, and P. A. Downs 

Till' iiicroasini' itnportaiico of tho li(jiii(l-milk supply for larf'e centers 
f ]i()|ml:iiinu ami llic <lcn>an<l for a l>ettf'r quality of raw niater- 

)l idi iiiaiiufacturiii^ puri)os('s have iKa-cssitatral further knowledge of 
111' ni ihiiil-' U'lal in (leteriuiiiiiig the (|uality of milk, and particularly 
;i\c l■ln|l!la'i/|'d the >igiiilieauee of I laeti'riologic.al analyses. 

r,\.iniiMatiiin of milk foi thi' |)ur|)ose of dcti'rmining numhers or typi'S 
f limii'iia Mciiis to constitute the highest ideal in milk grading. This 

I iliiuhtle-s iiiiportant and the resix'et forthis method of procedure 

[1 jiiilcini: milk quality .'•hould not !«• eiid.angered. (thviously. the sani- 
tiiy a'pi i't' of tlie tnilk prohletii must itivolve detormiiiiit ions of this kind, 
fill' --I'iiiiliraiii'e of liaeteria in tlie ceonotnie pliases of the milk su])i)ly 
I'll 1" I iiiiii'-- (piite clear when it is |■l•tnemlM•^ell that tln-etitire lutsines.s of 
iilipK ine milk to the urliati ixipiilaiion i-; founded on modern dttiry 
cii'iin.ot whieh the aiii.s :iie tii.aximum w liolesoinetiess atid maximum 
lei'pi: d ipialitN. 'I'hi'-e two eonsider.a' ions liave Im'iui re>|«)tisilile for 
lie 'Ml" I'liil oti the itn|H)rtanee of l>a<-'eiia counts in the milk industry 
t t lie pi I 'cnt tune. 

1 li I' die iiiethoils of etiumei.at ing hai-ti'ria iti milk have m,my sliort- 
(IIIUIIC' I' Well leeogtii/ed liy daily haeterioloi'i'Is. Baeieriil counts, 
s iiiiu I il ii.imed. can he ititei pii'ted otilv on a < omiiaiMi i \ e lia-is. .and iti no 
'i" 'lie\- indleate the inathem itieal ;ieeurae\' whieli their i-xpression 
T iiuiiiliei' ini|)lie>. .'stieli eom|)arative intiTpretat ions can 1«‘ used only 
iii'lh eiiiii- ,,l degrees of suiae.ss ill handling and of the varititions of 
'I'lality. I ndenialily this inform.at ion is v;ilu;ilile in s,afegu;trding 
III iiiii i.'-K ,i| Consumers of milk in large cities, and its imitorltuice is 
' ' die icport of the Committee on Statistics of Milk and Cretnii 
' die Otlici.al Dttiry Instructors’ .V.s.s<H-iation tP,)l7).’ This 

"I'laiiied the complete milk regulations from 101) cities and 

\ . I , ,, , , 

lu - " n**pnrtrn 'nl ♦>{ tb»’ Orv \.in|wvny. Nrw York. 

r 14 » l.Ufr ilur* t .*47 
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tdwns in the I’nited Stnfos, ntni found that IS!) of thes(' providn.l f,,,. 
li'2al limit for haetcria in milk sold within the iminicii)ality. The lu,,: 
allo\V('d I'v thcs(' I'itii's rans'i'il from oO.OOd to "i.OOD.ODO to lh(' fnl)ii' ,,.,1 
metiT. with ap[a'o\im;iti'ly ono-half of tlie citii's ixminittinf; a limn 
.iOO.OOO. Till' ni'i'issiiy of fixint; lo'atd limits for hactoria in cri’ani m,; 
to have I'l'ra rrirardi-d as much h-ss important, since only dO of ih,' | 
cities had esialilished leiral limits for this product. The hacteri.i 
in the latter case \aricd from .'Xl.tXtt) to 1 .iMMf.DOt) to the ciiliic cemiiari, 

These muiiiciii.d leeiil.itions mii't of necessity imply provisions fnr-j;, 
enforcement aiid for pcn.alties tor t.ailure.s in their olis'-rvain'i-, S;, 
pro\-i'ions ininc diatcly hrini; into [iroininenee the dilficiilty of applic:,' 
and cnfi irceiiiejit of numeiical h.icieii.d staiidarris. rnfortiinaich-. i 
inlc'P'iit inai I Ui .'e'ie- of pre-, tiI inethiwls ot eniimerat iny hacteria an • 
areat to pi niiU th. in p 'uh' 'o I.’' n-lied upon witli the eertaint>’ of r \,|. 
ne'> which tlc ir li\i u nutii' li' d 'i.tndanl' woiihi m’i'iii to warrant. 

Itr.ttt.U’ of riU villi' IWU.' I to \ I IONS 

The .\inerii at, i'u' Im i[. ahh \"Ociiiion lUl.T, lei'oanizimr ’h" w 
Variation' olaoiiid ic,- ih’- ordin.u’.. plating lechniipie, have forncilc, 
t hioiiah I h' if Lain . 1 ' orv .''i , : n it,. » h'- following unilorm met hod |o; ■!■ • 
niiniiia hm n lia in milk. Thi' proc-diire. known as the '■ .■'i I'.c; 
,\h 'hod' of If II •i-fi d .Vo-ih, - ~ of Mll^. ' h |S ti ■eh of co|i'ider,di!i 
in 'lU'iria uiufoMu iec)inii|i|e in dill' rent l.il 'oi 'itories, and tic n-, 
aie coinp imI' 1' . 'Ih' e ,1 ntiiform iii'i r[iret.iiion e.m he aiven to tln in ! ■ 
the puipo-e of the .'•'uidiid M'-thoiL' I' for 'eemuii; uniform 
r.itiier ilian .eeiiii'e ciiiitit-. in the minimum le-n'ih of lime, i' ■Ml' 
troni th'^ let ,;7 < lor fm i\, -eiahi hour' o-i p'.im tiaar i' 'li'"! 

iiieiihaiioli t. in m I ,i' III'- ntcl ini.Imm len ,irni/ed. In itie roiiUii'^ ' 
iiaiioii ot milk '.imiil' '. the 'liort uieijh u ion’ jx-riod h.i.s cerltiin 'i.-f' 
ad v'ant ice-, 

t onn I'll.,.- innifiiliii i he ('■-nlii ohi, ■lined fiom an exh.aii'liM "'■' 
of eompar'i t iv di lernim'it loti' made Irom die i.ime milk liv loui ho" 
atorie-. Ifio Work, iii'.olvma m mv thoU'and platings made iiii'f ' ■' 
loim [iroi’i’dn."’, ;ie'.’e[t)|e|,.,, t.nli i| to t;iv imitoim and eoii'i'ieni 
utid'-r 'no'e pal 1 ii'ul.i r eoiniiiion'. \iewed troiii the sf.'Uid|M)ml i' " 
lutf'ly .■c'l'in.if'^ ieinim:ii|i)tis i,t .all haeteria [tre.sent, iJiiae tire niia"i 
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niiy ihi' plat(' method gives whlidy discrepant results. Among the 
I,„|M imixiitaiit causes are: ( 1 ) tlic failun- of certain species to produce 
t nlonie> on the medium and in the incubation temjXTature usimIj 
(:> 1 ih, leiidciicy of mariv sjiecies toexi.st in group.sof Iwoor more individ- 
lab. viiidi greiips are l.roken airart with varying di'grees of completenc.s.s 
Imii.c llic plaling operation: ill) loo few or loo many colonies It) the jdate; 
t ih iiihihiliiig or beneticial elTect of dilTused by-pro.iiicts from tlx- 
rmwiii rciiain spi-cies on other spi-ci.'s within th<- nidiiis of ditTusion; 

il"- pcr-oiial ilciiwnt invoked in cairving out thi‘ meiliod. Widely 
vaiMia; fomi llie saiiie .vample of milk umha- lh<‘ s;une comlitions 

III ll'iiiiiaMeli leliiperalure and IHi-dium would still be caused bv lll(' 
[■luiiipilie naidencv. by ilie imml.er of .-olonie^ on eacii plan', and by the 
pii'oiitl ili'ineui enterimr into the manipulations. 

Ihil and Idlms ils'lTt early c-dh-.l alumtioi, to tlm unreliable re.siilts 
•I naia d lioin o\. r-cr.,\vded plates u,..d in wai.a- tmalvsis. The Stamlanl 
'"["I'nie th 11 Iheie diall be I,,. I le-^ ili.aii liP. and not more than 
'"'"e" ' 'he plate, abb.. Hical ami Doitern-r > IdlDi lonchnle 
^ '' liinii ' 111 .!( I a lid |t It I a i e nc .ii !y as .s it isf.n I oi v. 

I ^' "‘daid M lliod'cill for pl.ti:, a'.i,ir ineiibated ;it IfT" (', 

tiiht I eo'npaiaiive .-oiinm published from time to lim 

’hai a eat boiivdraie luedimu ami .i lom-iT meubation period 
' '"I’eiaitire b.ive many advantag.-s. Ilemenianii ami ( ilenn 

\ "" 'he effeet of imail.alion temperatures ami media. 

h d tie iollow I'lg e.eiclu'lon.s 

. I’tit linecnir baeteria are always .lillieiili , and in most cases 

'"‘h""''’’' '""i "I 'mhs. a liiuh lemixaai uo' of mnibation has no aiivan- 

" ' ' ‘‘"lai t e|ii|i|.ia( 111 e lioin ibis viewpoint. 

; ” * -’I) ( , is su|>erior to im-ubaiion .at 37' ( bt>cau.se 

, ^ 'i_lii I (iiiiiii and a I’eltia- iliiri'i'eiiiial eoimi are obtained. 

J ' ' '' l"elerable to lactose .as .-in .addition to the medium. 

I,, ' ‘ '”'■‘■''""■'1 '"'hue the results ol baeteria! examiiKUioiis 

'I".. \eeoidiligiy bieteriologied •;iml iheiiucal I'Xamiiiat ions 

I, I' '' l’""<'ipal objects llii> improvement and eontrol of 

, ai|. . 'h'l’h ■ and aeciir.'icy b.mm ol gie.ater im|)orliinee I hail qiiiek 
o.e |os,oj a day m ilsmtere.sl is irrelevant . 
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Sherman (lOlti) ixiinfs out the tufrher counts obtainable by the n-,. „f 
lactose agar in jilaee of plain agar, and also tlu' increase in the size nf ii|f. 
colonies and the Ix'tti'" ditTerentiation of the ty[X's. 

Breed and Stocking (19171 published a |)relin)inary reiK)rt on a 
comparative determinations, in which they conclude that the plate mi ili,„( 
wlu'ii us('<l by careful workei-s. will !riv<> more reliable results than bin,,, 
reported by Conn, which had Ix-en obtained iimler routine comhii,^^ 
and possibly, in some itisr.ances, by ine\-[x'rienee<l oix'rators. <)b\ii,,i.lv 
inexperience and c,arele<'ne<s :(re t,actors to Ix' a\'oii|('d in any meii",i| nf 
enuiiK'ratim: bacteri.a, c'.peci.iily wlmn the results are for the deterini!) einn 
of municipal reaul-itioti'^. 'I'he same .authors i I')2lti. re|M>rting .a -imiLir 
but more ('\teti<i\i‘ invi ^liit.atiori, found the plate method and the niicin- 
.scopic method Mieeil tmfho.l' produeli\i' of reasf.nalily iinifoim 
accurate re.'uli' for the total numiM-r of bai-teria |)resent. all factors kiiimn 
to introduce in.aeein.ii le- h.ivinu beiai tir-f naliieeil to a miniinuiji. 17r 
the [)lat(> method ti:ey re|)ort .an av'eraire eocfiieient of \;iri.abilit y ic' s.;, 
for the microseopie deti’rmin.i'ion of aIouJ>^ of baeieri.a. eonsisiine ot 
or moi'i' indi'ddual'. 1 1 i . .and tor the miei o-.eopie de term in. a I ion of uidr. in- 
ti d liaetetia. bhl. .\ti!io 'he'o re-ults are reiii.ark.ablv uniform, it la’i-' 
I'C remet.aherei I t liat tlc v at'e obl.-ilin d I foln simplo> u Ilieh Wefo .art llii I ilh 

KKx'ulated ill Older to reduee the c ium|ilng tendency to ;i minimum I' i 
t h.at the time at id labor tirer i rv to obt :ii n this dettreo of aceurae\ ! O" 
micro,s('opic metliod eoiiM m>t be e\[xteto.l in regular, routine e.xaininaiie:.'. 

ent.'hxi \it;s I ' 

( i)t!tj>iiri Ilf 'll ifiiliii ,/»,,/ ■ III I/') if 1 ,111 hinjii/uhin.-! 

The (•\[)eriment d work lapoiieil iieicin w.i.-t for the purjxtse ot d' Cje'- 
stratuitr the \'at i.ition-^ in itiurU' <duaine<} b\' plain ami ctirboh'. i' e 
media .’it ihtleiejit iir ubitmii ft in|)ei at uie-,. it m.av indietile a In' ' ' 
lea.-'On why the eoiitit .o .;7 ( top loi i v-ei;'lil hours, .as used in i ' 
work. nia\ U- mote -ubjiet to di-ten pam n s ih.an eoiinls obtairn 'i tn i 
I'jiiger ineiibaf iftfi [s no<l' at hiwer lenijH-raf uies. 

1 he .'.aiiipli > U't 'l 'or till' wtak were -e|eeti-<| :it random from 'i> 
oiditiaiN inaiKet i.nlk i,t tne Jtliiei eiiv -tipply, .at inlerv.al.s e\i' ' 'C- 
over a pet io,| ,,i I, ,||' vt-ar-i. 'rwenly-seven pl-ites Wen ' "■ 

fiom the smut: thlmion of ea,l, s.impl,.. N,„e of the phiK' " 
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with stiindanl plain af'ar; nine with nutrient agar containing 1 
J„,,. ill nf dextrose; and nine with nutrient agar containing 1 per cent of 
riie (iilTerent agars were all made from single, large-quantity 
~(,f ])laiii, nutrient agar. Tlw'se W(>re subdivided, and the definite 
], ici iii.iiie of till' particular carbohydrate dc.sired was added to each. 
' 11,111 of die nine plates containing the <lifTercnt agars were incubated at 
:;7 ; . !oi fort y-(‘iglit houis; three at iltf^ ('. for five days; and three at 
ei) ( , lui' live ila>s. With the exceptions noted, the techniijue given in 
tlio S'liiiilaid Methods was carefully followed. It was necessary, however, 
ti niiiuiio , omits from jilati'S containing fewer than ilO colonies and 
iiinii d in l.’ittt colonies, alilio in all cases the dilution was designeil to give 
(dlnaii ' hriwi in these limits from the forly-<‘ight hour count at 37°. 

Ill i ihli 1 are shown the counts obtainc'd from UK) ditTenmt sam])les of 
milk lioiii each of the nine combinations of incubation temix'ratures 
mill nil ili.i. riie indi\ idii.d counts apix-aring in this table are tlu' averages 
1)1 niiiln lie plates, liaeh [ilati' of the .series of three' chc'eked with the 
ethi I plate', of the .seri' s as elosi'ly as wouhl Ih‘ ('\|)('et('d from eluplicatc 
111 iiiplieaie plates fioiii tile saiiie dilution of any .s;im])le of nonnal milk. 
Ill oi'ii I ii, iiiilii ate in a comprehensive manner the' variations obtaini'd, 
till k7 eiiiiiii was taken as tin- standard. Any variation alxive or lielow 
till' "luni IS indicaie'l by a plus or a minus sign. The variations are 
>iiii\\ii .il'ii : perci'iitages thi' 37’ count U-ing accepted as 1(X) jx'r cent, 
mill 1 ilium higher or lower U'ing indicated liy figures alsivo or Ivlow 100. 
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Sherman (lOlti) points out the higher counts obtainable by the i,f 
lactose agar in place' of plain agar, and also the incn'ase in tlio sizt> ti„, 
colonies ami the K'tter ditTerentiation of the' tyix's. 

Breed and Stocking (19171 publishi'tl a pri'liniinary re|)ort on a si m. -h; 
comparative' determinations, in which the-y ceine'luele' that the- plate miilii„i 
when use'el by eaireful wetrkers, will give metre' re'liable re'sults than tlm,,. 
reporteel by Cetnn. whie'h hael lie-e-n eebtaiiie'el unele-r reeutine' ceimliti,,,,, 
anel possibh', in seiinc in-Jtatte'e's, by ine'X|X‘rie'ne'e*el etjx'ratetrs. Ob\i 'i,lv 
ine'xperie'iie'e' ami e'are'le's<ncss are' tacteers te> Ih* a\'eeieie'el in an\' meah'iij nj 
enunie'ratini; bae'te ria, e'|x'<a'ally whe-n the- re-suits are- fur the- ele-teriniii itinn 
of municipal re-iriil-if ieni-e 1 he- same- .-lutheers '1920), re'ixerting a 'I'lniir 
but more i'Xte-n'i\e- inve'tiiratiem. feeiimi the- plate- mi-the>el anel the- iiiino. 
Se'opic mcfheeei Bre-e'd I ll<-l lie )e 1 1 pi'e ee llle’t I \e- elf re-a.se ilial ilv Ulliteinn ii'hI 
accurate re'ult-e fur the- teital niimbe-r nt bae-te-ria pre-se-nt, all tactors knnw-i 
tel intreieluce' inai-e-urai ie-s having i»e-i-n lirst re-eliie-e-el tei a ininimiiiii. I'lir 
the plate nie-thml fhe-y re purt an ave-rage- e-e i.-die ie-nt eif variability ec' s 
f'.ir the' micro'e-e ipii- ili-ti-rminaiieiii eif grenijis nf bae-ie-ria. e-e>nsisting ec ni... 
e ir metre' im h vie h lab. 11.7: ami feer i In- ime-in'e-iipii- e|i-ii-riiiinat ion of iii'li, '-!• 
ml bae-tcria. id.l. .Milai 'he-e- ri-'iili-> an- ii-iiiarkably imiforiii. it :a'i-’ 
he' rena-inhi-rfil th;it tla-y .ire- e)biaine-<l freiiii sani[)le-s whie-h we-n- artitn i ill', 
inoe-ulate-il iii eir.li-r tee re elui-e- the- e !iim|iitig ti-ne|e-ni-N' tei a minimiiin -- i 
that the- time- aleel l.lbur ne-e i -s-' irv m eil.l-tin this eh-gle-e- (if ae-(-urae-\ !", ll;-- 
micro.-icopic methexl e eailel imi b-e xiM-.-t(-d in re-gular, reeiitini' examin.-iiii-:.' 

eitr.'i.N r r.xer.aiMi-.N i -- 

('uiiij)'in ini III nil Im iiii'l I III III) if mn hininriltunx 
The i-x[xrim( nr il uork le-peiiteei hcre-in vv.i.-. for the- piir[)o.s(- of e'l ii!' ’- 
stratiiig the- vari et ioii- in i-eaiiim obi.iine-d by plain .ami carbeih-. ■ im' 
tne-elia at ehlT'-ie-nt ine iibai ion ti ni|i4-r.il iiii-s. 'It mav imlie-ate- a tnoi t 
rea.seiii why tlic e eiunt -it ;;7' < lor toity-e-ight hours, a.s iise-d in o i' ' 
work, may he- miiii- -iibje-e-t to eii.^cre pane-n-s th.'tn e-e»unl.s obt.'iiiie-ei m o 
longer me'ub;it i(in i)('ri>(il- at h/we-r l'•m[M-ra.ture•s. 

The- .--am pi- ' u.-cil lor ihi' w(»rk we-n- .se-le-e-te d at ramlom from ''' 
(tnlmar)' maike-t milk <)l the- lih.ic.'i eiiv --upply. at intervals e-xli ' -b- 
ove-r a [le iii.el ed one ami oni’-half ve-ars, T'we-nt v-s<-vi-ii plate's we-re- 
from the: .same; (lihition e>i eai-li .siimple-. Nine; of the; [date-- '-i 
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noiinii nith standard plain anar; nine with nutrient agar containing 1 
p,,, ,, III (il drxtrosc; and nine witli nutrient agar containing 1 per cent of 
lniiw . Tlie dilTerent agars wen' all made from single, large-quantity 
hiuli'^ef ]il:iin, mitri(‘nt agar. Thesi' were suMivided, and the definite 
,, .nviiiiige of tli(‘ particular earholiydrate desired was added to each. 
■Il.ivr of the nine plates eontaiiiing the different agars were incubated at 
; i,,i' forty-eight hours; tlirts' at for five days; and three at 

0 || (■ |i,r live days. With the <‘xeeptions imteil, the techniiiue given in 
till s'aiiilaid Methods was earefiilly followed. It was nec('s.sary, however, 
ji, iiiiiiiiie eoiints from platc's eonttiining fewer than 30 colonies and 
1,1011 ill an '..’lilt colonies, altlio in all cases tlie dilution was designed to give 
l•,lloal, - iu iwein the.'ie limits from the forty-i'ight hour count at 37°. 

Ill I liili 1 are ahown the counts obtained from ItK) diffiTent samples of 
milk Hein each of th(' nine combinations of incubation temix'ratures 
ami nil dia l lie indi\ idiial counts ap|M‘aring in tins talilt' are the' tivertigi's 
(li iniiimaie plates. laacll plate of the series of thre(> checked with the 
(iili i plaic' of the seiio as closely as wouhl be <>xiK'eted from iluiilicate 
t'l iiiplnaie plates from the .same dilution of ;iny .sample of nonnal milk. 
Ill Ill'll ]■ lo indicate in a eoinpieheiisive maimer the variations obttiined, 
till :;7 ci'iinl \va> taken as the stainlard. .\ny variation above or Ixdow 
till' "Hint i.- iinlicaied by a iilus or a minus .sign. Tht' variations are 
blinwii nl'ii a- pereentages. the ,37' <aiiint iM-iiig aeeeptt'd a.s 100 p<'r cent, 
and 1 iiiiit' higlna' or lower Ixaiig imlic.ateil liy figures alnive or Ik'Iow 100. 
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TABLE 2 . SiMMARY OF Highest and Iaiwest Coi-nts Foi nd on Each Comiiivatk 
OF Inc chation Temi’krati re and Medii m ' 
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rounfs 
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*■ T'^ > ’ ■ 1" < • V % • f V -jr. i' . . A f. (iij** r it 'j:- iii'I im 'iiAm i \ ■ ” • 

1 . 1’. ’ I I'l ' r. >. !■ ’i . . • ■ . .[ 

1 ho ii'iilt' oivn in faltlo 1 tn.-iy lio r<)iii|):ii'i'i| in scvornl ways to 'E,i 
'lio v;ii iai inn ( il it ainoil iioiii i-.n-li inctlinm ai,il ini iil lal n m ti-tii|)i i n lit' 

1 lit' Wl iti'I,' lia\'i- pfi tiTI'oil to tiiaki- ctilii pafisoti-i oti t lio 1 la.'i of | hi' tniaii " . 
lA litirhi .'t afal lowi-r-t f'onnt." foiin<l nniior oarli I'otnlit mti atal aNo tno' ■ 
Ij'ifc till’ :i\-(-iai;c [tcrcctitaoo v.-iriat ioti in cotitit of .all 'aiti|)li’s. ri’>;.'itilii’L; 

3i c'lnnt oti [il.-iiti aoar .'t.' 1()<) |»cf ri-til. I tii-'i* I'otnittiri'oti' arc m' ' n 
L'llilc 2. iti uhii'li till’ otit -taticitni; features arc tf follows: ill liii;ii ’’1 
' itti|)|r’S, hiclji i’ counts were olitaincij frotii .sonje otiici mciliiitn .'iici 
pcratufc I oniliitiat ion thati tin- 37' coiitit oti pltiin ayar; (2) of tlic'i i mli'f 
coiltit'. li.i per cent were ttien-aseil lv\ofo|i|. 21) per cent fivefolil. I’! p' I o’’ 
teiifonl, .) per cent fitt\foli|. an<l 2 (x-r cent tiiore lli.ati ,a hiinilreillolu 
f fitti jiat ine tlie etlee's of itieijliat ion tetii|M i;ittire.s oti .’ill ttieilt.'i. ■' " ' 
ftiutni that .)!) pi r letit of tin- lituhcst eoiitil.s were olitaitii’il fit 30 . !>' ' 

" tit ;it 20 , anil 12 jx r ei iii at 37 '. < )f the lowe.st eotinl.s reeoii|i'i. 

[ler cent, vvert; ohtaineil ;il 10.2 jx-r cent at 20', tiinl 77.0 |xt ei nt n' 

3 1 
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7hc iv.'ults of tlio various compositions of media comparod at all tem- 
iri'iliiii showed that 29 [xt (‘out of the hinhesf counts were obtained on 
iliiii ac:!!. IS pel’ on lactose' af^ar, and .13 per cent on dextro.se agar. 
)f the hiwe^t counts recordt'd, 33.7 [ler cent were obtained on plain 
.,,■11 It). 2 per cent on lactose' agtir. ;»nd ■20.1 per cent on dextrrese agar. 

I 111 ilii‘ lia.-is eif tlie 37” plain-agar count, tlie' counts for till samples, as 
,pie-eiiied by tlie avei'tige' pe'i’ccnt age ligures. show vaiititions ranging 
,1,111 le— ilitin a t\\ofolil incrca.-'C, for hicto.se agar at 37”. to more than a 
,i\eiiiel(l iiicieasi'. fell' dextroM' agar til 
ri'eiii ilii-e dalti it tippetirs thtit dextrose' tigtir tit 30” or ‘21)” has distinct 
nih.iiiitig' ' o\er tiny ot tin' other comliiiititions use'd. for obttiining higher 
(nlllil- Tliele i,-. colllptirtlt i\'ely little choice between pltlill tigtir at 20” 
yiid till , tiinl l.iclose tigtir tit the stone I e'liipertii iires. tiltho |iltiin ag.ar at 
oil -lein- to have a slight tnb'tinltige in the number of hiighest counts 
and tin toeitige ])ercenltige incretise. 'I'he 37' counts on all of the' media 
tile (liriih lily untavortil'le in comparison with those of the otlier incubation 
tini|)i letiiie-.. Itextrose tigt'f. however, has evident tidvantages over 
pltiih tiini lactose tigtir til this tenipeftit lire. The slight dilTe'i'enci' which 
i' fnu::d ! let ueeii I hi' t Wo hit I el' iiiei lit! tit 37 w ill tti vor of t he lactose agar. 


] (1/ hi' Kill III I i>ll)it< lit 37 t 

1111111' lower bticteria counts we're found til 37 than til the lower iiii'ii- 
liniioii leiiipei at ures. it is ri'cognized that longer iin'ul'titioii pi-rioils toe 
III order to develop higher eolints til the' lower lellljM'rtltlires. 
•1' 'lie 'till ot lolly-eight hours, the 37 eoiinis have freipient 1>' proved 
liinlit'i' than those resulting from similar imaibai ton jH'i-iods tU the lowe'r 
1 It 111 I s. An tn li In ional inciibtilion pi'iioil of two or tlire.' dtivs. 
llnwi't e, , . 

at ill, 

little II,, 

Tills,. I, 

f ‘ I'n seals a tiiiie-icinjx’raiuri' relai ioiiship which cannot 1 h' reduced 
*' -I ,0e-t growth in the shortest peiio.l of lime is desired. I'liis 
teiujicitil tire and iiieubal ion jx'iiod may therefore tie looki'd 

tie iiiiiiiniuiii tind eaimol 1 m' ehtingeii without iiiateriallv alTi'eting 

till' 


ivs been neei'.',stir\ ill ‘ilder to devi'lou the lligh.'f counts 
iowei teiiipi'ratiire-s. (In the oilar hand. liii'O' is usiitillv very 
ease in ill,. :57 eoimt after the liist f-iriy-eighl-lioiir pi'riod. 
ts might e'tisily be inti'r|)reli'<l to me-aii that lorly-e'ighi hours 


llpeil, 

i|H iiihii 

"hi' I, I 


o| the' results. The' exact ing de'iuaiids for iiisiH'clion work, 
leteriiiiiieel the u.s(' of the' 37’ fort y-i'ight -hour count, are' not, 
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operative in researeh work, in whieh the longer incubation peri(,(l< 
lower temperatures are generally list'd. These longer incubation 
at lower temperatures are used for the purjinse of obtaining 111 , 1 x 11 ,^^ 
counts where inmedlatt' rt'sults are not es.st'iitial. Since this is the main 
object, givati'r variations in limt' or tein[x'raturi' mat' l)e used \\itli,i,,| 
affecting tlu' results to tin' saint' ili'grt'e that they would Ix' alTci inl l,,. 
similar variations in tin' 47' forty-eight-hour counts. 

Recognizing the inpiortance of maintaining the correct temp, lamirf 
for the 37’ count, an atteinjit was made to find out what variaiiiii,. i. 
counts would re.'iilt fi'om po.-^ilile ditferences of teriijn'rature due tu pili.rj 
the indii’idua! plates in a compact m.ass. as compared with the i. miIi; 
nlitaiiK'd by so arranging the plates as to allow free circulation e- njf 
around each one. The former condition occasionally I'.vists in tiny l.ibir. 
atory, part ieuhu'h' when .1 hiigi- nnmbor of phitc.s must be incuh.itr.l jt 
the .same tinii'. In thi-se exfu'iinn-nts. tlic capticity of the inculruiir n;.; 
only about htilf utiliz'd. The .'oiiices of lictit in the incubator wen ;;t 
the bottom, two and o:;. -h lif inchc.-, U-low the tcmivirary floor, at t| . tnji, 
and on two si.i.i. X'ut.iiions m ll•m|x•rature to which individual n'l’n 
might be exposed, t h' l' t'oio. Vloul'i be due to the slow dilTusion o' 'III' 
he.at re.'ultitig fiom tin' dimini'heil ventilation around the piles oi pic,., 

For th' — ' eonip.iii'ons. two s.-,niples of inaiket milk cotitainitig .ipneiv- 
maielv the ,-anie niiinber of b;ieti-i i.a. and with no ajiparent difrei';,' ' i" 
flola. weri' seleetid. .V .'Ufficlent Volume of ;i single dilution \V,I' iiiti" 
St) that about 2l)<) pl.iti... could be prep.ired from the same bott!, I!"- 
samples W'Te 'llluted Wl'h th'- obji-et of obtaillitlg IsUWeen 30 ,i'.h l'*l 
Colonies to rhf- j)l iti . .\ll [liati s w< ii- |siiire<l from ihc' stime b.atch ' ' I'iii’i 
tigai’. d'hev Wop.- pl.iei-d in th‘' incubator .so that coiiS<'CUf ive ncaC'ni 
would lie next to each otler. dli'' average of the CoUnt.S fniie 
liearing two l oiio i lUive numix i). w.is eon.sidf-rej ;ts the count for 'laith 
•Samjile. 

In ti-ting tfi( I (]■( , t of the fri-e l ii ulation of ,'iir during innr iti"n, 
2h(J [)laieT wi I'' aiianged in l.iyei.., on vvire screen.s with ;iIm)UI ii'c-bill 
inch air -paci' bi twit, each hayet. The lioltorn layer w;i8 one ,a' i 
hall itielii- Horn till fiool of the iiiciibalor. \ Uniform tem[)i'ia' 

OI .at twi inch' T loan the lop, and the u.sual ventilation of the iie li '"'' 
weie m.aini .ait.i'd t liruoiit the forty-i’iglit-hour [sTioii. The counts o* 
from lhe:,e aaillple.s a|i shown ill ttible 3. 
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I ; lUi ruti' OorNTs Oiitain-ed krom 100 Samples of the Same Milk When 
■' \ii; IKii < iiK i’LATED Freely aroend Each Plate ncRiNo Incubation 


S.uiipl'’ 

liauloria ^ 
per 1 

Sample 

Bacteria 
per cubic 

cent iiueter ! 


centimeter 

- 

210, (XK) L 

7)1 

2'27),000 


2:{.‘i,(KK) 

7)2 

210,000 


■.>.")0,(XK1 , 

7)0 

27)7), 000 


J.'iO.IXH) 

7)1 

1 So, 000 


KK) 

o7> 

210,000 


;5l.'>,(xxi 

r»(i 

! oiM.ofx: 


270.010 


i 217).0OO 

. ' 1 

2(X),OKI 


, 20.'),0(X) 

'1 f 

200,0)0 

.v» 

' 2r).(XK) 

i i 

‘>a.aK) 

tw) 

1 17)0. (XX) 


2- ■>■■). 000 

I'.i 

I ^.'Xl.OOO 

) 


<’• - 

2 17), 000 

\ f 

AX', OKI 

u.\ 

i .307), (KX) 


170. OK) 

01 

' 21.), (XX) 

) i 

227). (KK) 

(’).■> 

17.'). (XK) 

) 1 

I'.D.IKKI 


■27."), (KX) 

; 

Ofi.IKKI 

(•7 

10.3. (KK) 

-> 

217). IKK) 

('.s 

■27.'>,(XY) 

) 1 

.’1)0. IKK) 


27.),(XK1 

1 * 

' IV) OKI 

7o 

■27."). (KK) 


■Jtl.’i.fXXt 

71 

I 21.'). (KK) 

> 1 


" » 

i 11"), IKK) 


I J7( t . ' »( K 1 

1 • > 

i ■27."i IKK) 


' 1 U' 1 . 0 K 1 

71 

11."), (KK) 

) 

* 210 UK) 

• •> 

j 20."),(XK) 

i 

1 1 s,‘) , O K 1 

7‘» 

' 210.(XXI 



4 4 

1 170, (KKI 


1 .UVI.IKKI 

7'^ 

OKI.O'D 

) 

i 

7‘) 

21."), (K) I 

1 


M) 

i 22.").(Kki 


XXI 

SI 

210. (XK) 


1 ' ).') O K I 


2,")."),(XKI 


.'.Ht (XX) 

vt 

■27.").(XK) 


l'l.-),OKI 

''I 

1 •270. (KX) 

> 

1 217). OKI 

S'j 

2.">.">.(KXI 

i 

:iO.').(KK) 

s<» 

270. (KK) 


2 17). OKI 

s7 

! 10."). (KKI 

’i 

! .‘ilKI.OKI 

ss 

' 12.").(XKI 

! 210. OKI 

V) 

i '270. (XK) 

) 

] 

270, OKI 

'.Ml 

' ■.-2.").(XKI 

JSO.OKI 

01 

i 2IX).(XK) 

2 

I '207), (KKI 

'.IJ 

■2tK).(KXI 


17m. OK) 

O.i 

2'20,0(K1 


'27)0. (KK) 

01 

;ii.").(xx) 


1 207). (KK) 

07) 

210, OIK) 


1 ^NI.IKKI 

00 

j 2;to.O(X) 

S 

0 

1 INI, OKI 

07 

1 '2IX).(XX) 

1 .n'),(KK) 

IIS 

i 2."X).0(XI 

1 20.'), OK) 

2 00. 

1 '270, (XK) 


! 17)7),(XK1 

KK) 

1 rxi.iXK) 



242 


0. C. Si pPLKK. W. A. Whitinc, and P. a. Downs 


III tpstiii" tho ('dVct of jiilod plates, the propculiiri' was as follows- pji,., 
of 12 plates each were arranijed in a solid block, (i pih'S Ions and 
wide, and containinir. in :dl, 21i> plati's. 'flu' .same uniformity of 
ature at two iiiehi's from the tup. and the .s;une ventilation, wen' m;iiiit,iii|,|[ 
in till' inciiliaior as in tlie first t'xperiinent. Likewise, the avi'ranc of t|i,. 
counts of two adjacent plates in I'ach pile was taken as tin' count fiii-j 
siiurlc sample. The two bottom plates in each pile are not incluilul j,, 
the results, ax it was desiiablc to consider otdy the counts from the plcn 
kept at the same di'tatice from the bottom of the incubator as were tliii.,-. 
in the fir.'t i-Npci iiiicnt : therefore the results are >:i\-cn for only five s iin|il,. 
to tlie pile. In t.ible 1. which is constructeil to .show thi' relative pnsidi,- 
of each pile in tic- l.loi-k. appear tin- lesiilts obtaitied lor each sample, 'j.-t 
is. the a^■erace■|lt each two adjacent plates. 
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Xho ri 'ults nivcn in tal>l(‘s 3 ami 4 sliow some striking facts concerning 
n. ('ffci I upon th(' counts of th('sc two dilTcrcnt methods of exposure 
till, [il.iiis to till' uniform conditions of temi>crature and ventilation 
lai'itaiiii'l >’> inculiator. In table I tlu'ri* is :i marked difference 
I the irviilis from all top samples and samples in tlii' corner piles, as 
inipai'd with those from the hot tom of till' pill's and jiarticularly from 
iiKi' ai tlie liottom III the piles on the inside of.the block. In order to 
,in\ ihi^e variations in counts, the standard deviation, the coefficient 
fvai'ial'ilii.c. and the probtdile error were etdciilated for the entire number 
f -ainpli ' in each set and for certain groups of .samples which were packed 
ithi'siili'l block. These mathematical expri'ssions are shown in table .5. 


.tBI.I. \ vininoNs IS C'iicst^ I)i f. t<i .Mftiiods of Pii.isn Pi,.vtf..s as .Shows by 

('ill I III o sr OK \iii Mio iTv, .SriMuRo Dkmvtion, vsii 1’hohoii.k Furor 



pli ^ ii'i'il 

1 

Xlifli- 

L. r .,< 

I 1 

St:\n‘l;ir«i 

Prohalilr 

(’I'.C'ffif ( nt 

, f 

fer .h 

hl'ul.ktlllR.S 

i 

1 •' I < il 
Sifllpli ^ 

Count 

1 

error 

\ anabihts 





( 


I'l-r 1 eiit 

ir sppo !. 

1 "lO 1 11 .ill 



• 




f.iMo ; 



KM) 


t f'.ol f 


Jtl ti 

'll ' -1 

1 1.!-.. k, .ill . 

'.Ifflplf** 






■'iM. ! 


1 

'll) 


; 10.'). 000 ' 

7il.s.'J 

31 

Jaiiip!''' !i 

1 eriHT pill 

t'nK 






N'-' i, 

1 1' 


3) 

iiKs.tXM) ■ 

1 l.'i. Is.'. 

.m.iiT'i 

1.’ 3 

ja'iilili ' :[| .'I 

i-' pilcA i-nl V ( Xifj 






'b 1. 7 

. 1-’, 1 1. i.y 

10, 17 

.V) 


t I'll ,l«Ht 

l.bliiS . 

l',i 1 

ifibi Die. ; I . ’ 

1 r [ 111 . ^ iinK 1 Nih i 






'1, In 1 ! 



.1) 

iKo.UK) ' 

‘ Ills, Oil'. 

'•i.rtj 

t'i',1 7 

luiupli ' 'r. . 1 ;, 

'ep lil.ile., 1 

I'f f.n'h 






[).|i. 


! 

1 

is 


i .>''.Joa ’ 

Ji'., tio 

1(1 7 

-tliiiipl', ir 

• nil 


' 




I'V h pil, 



I'' 

-‘(Il .IKI'I 

t IJ.t.-'OO 

.vFir.is 

t'.l 3 


1 ,1, 1, 

ii'T. i 

l.HiI 

• • fr«vn •. fill'll 

1 •* H*! .\A n ill t!i« 

. r. !u.Ki!i il r 

nf TIp' tn) lo 



' ft hi. t< 

ri il I 

1 ut ..1 thi- 

iiitiK 





1 he -I' l 
Vai iiil ,j|| t 
11 lull |^|,|, 
il lie , 1 ,1 1 1 
ail' \i , 


ihcanl ligiiics in table b are those representing the eoellicient of 
all ho the other figures colli nbule toward a more eom]in'hensiv(' 
'"ig of the variations found in thi- ililTereiit groups of samples. 
'' ni ot vari.ibihty obt.'iined from samples when a free eirculation 
allowed iM'tween (he plates was 2t).(» per cent; whereas this 
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variabilit.v was increased to 34.2 per cent from samples that wer,« 
in a solid block. This variation of :i4.2 per cent is the resultant of larjp, 
and smaller variations from compound group.s of the entire block of plai„j. 
The cor'ffiei('nts of varialdlity of 10.7 f)er cent and 12.3.|K'r cent from ^ iiaplg 
on tlie tops of all piles and from all plates in the conii'r piles, resp( ciivilv 
when compared with the liiirher coefficients of varialiility of 19.4 pi r roat 
69.7 CHU' cent, and 1)1.3. [xt cent from tho.se .s;unple.sin [wsitions le-,.; fm-,,,. 
ably situated, certiiitdy inilicatc an imiwrtant consideration in juilsiat 
the reliability of thi^ 37^ count. 

In order to determiiu' to what extent variations in temperature uitluj 
the solid block of [tlati's weit' |•eS|X)nsible for disi'ri'pant coimt.s, an .ill inp: 
was maile to olitain temjxaatiin- n-eords at dilTerent [)laces in the jiih' nil 
a recoriliiift thermntnetiT. In the absiaice of a more d 'lic.ite appii iii), 
temtxa atun's were determitn'd with a Tveos recording inst rument. .VII inr ■<. 
sarv precautions were observ(‘d in ord -r to <iuj)lieite th' normil temp ., 
aturo eotiditioiis from which the forcKotuK )’ounts wi're obtaitieil, Th 
records, showing the remporature for each hour until lh'» d •sirial ti inp '■ 
a.tiire of .'17' wa.s reached, are shown iti table 6. D.-ti-rminalion 1 is iiii!i; 
fioin the empty incubator at a |K)iut miilway baw.-ai the top ;in-l 'Ic 
bottom: defermitiation 2 w i' mi<l ‘ umler tb’- s im > c(>uditioiis iv. p, 
that the bull) of the tbiaiii'i.’iii-t<T wa.s plae • i iusiil • a [)e;ri |)late: .1 .• 

minatioii :> u.is obtaitieil with the bulb inside the fifili phite from ih' 
bottom of .a 'iiiele pile of 12 pl.afi'.s; detei ininatu)ii 1 wa.s the rc'iili d 
bavin" the bulb inside the fifth |)l;iie from the l>otlom of ti pile . r”- 
pondiii" to pile l.'i in ilf block of pl.ate.s shown in t.ibl - I; deliaamn lUui.s 
.') arid ti were produeed from plate-, in the .same |)<>sition in piles niiiv- 
ponding to numlxrs |.’) and ^. respectively, of the .s,ime table llif 
vertical distaiiee trom the top of the incubator to the plate emc liin'i!.' 
the therinoineti r bulb is the s.ime as ib.al to clue of the plates iii luilil 
in detcninning the aver.if'C count of the fourth amplit from the toj). 
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r. TeMPERATUKES RECORDED EaCH HoUR AT DIFFERENT PLACES IN A BlOCK 

OF Tightly Packed Petri Plates 
(In degrees centigrade) 


IVi.r- 


y» 

0 
1 

\ 

•J 

I'lic ui'o n'ciinls clearly indicate the ndaiivc IciiRth of time 

r ijiiirri! I'v |)lat(s in dilTcrcnt positions tci reach the normal timiiii'rattire. 
If I'l'iDiih from iii'^id ' ill - hloek of plati'S could have hemi ol)taine<| 
ralilv. ii IS (|iiite prol)ih'(> that the lenulh of tiiiv ina'cssary to rcnnh 
.'17' wiiuld liave proved evf'ii greater than that sliown hy d 'termination (1. 
The i:i|)idiiy of the heat ililTiisiott apparetitly <lid not stilhei' to hi>at th‘ 
citiiv lilmk of plates s i I'l ('inmnh to prevent tnarked irri'nnlarities it 
the i iiiini' nia'l" from tlie iniK'r pih's of the hloek. 'Idii-s fact empha.siz s 
tie ttieaii r likelilnMtd of di.screpant results from overcrowded itietihators. 
0 iiiiMi nili, r eaus'S whii'h in any way redue ' tin' vetitilation aroiitid the 
iiiieiiiii' jihiirs. In the |)ositio:is repres'iiled liy delt'rminatiotis .') and t), 
th ' ieiii!i I ,ii invs were helow tioftn il for nin-' hours. This ix'riiKl, dtirintt 
which the phiics in these ])ositions wen' l>elow normal, aiui'tints to approxi- 
iiiiieK in ,,f t|„. ineuhation p.'iiod. Plates on the outside 

'll the pile liiiwever, remained Ih-Iow tmrnnil tcmiN'raturi' for :i much .shorter 
li 'iiod. :iii(l eon-^ •(piently their counts were much hinhi'r and more nearly 
""''‘""I 'hin tho.se olitained frotii phites th:vt had not Ix'c'ii maintaiticd 
at the iionnal tem|M'ratur(' for the cut in* jN'riiKl. 

Disaix.titm 

^ I he aidi' raiiKc of variation.s in the oount-s nhuiinod liy difTcmit incu- 
'■iiiiiii tem|)|.|-,j(,,fpj^ mi, I cinphiLsizes the in.'uiiHjuacie.s of any sinRle 

"iiali ; itioii of hanjN'raturo and inciluv for detonnining thi' maxitnuin 




246 


C. Sl PPLEK, W. A. WlIITIN'C, AN’D P. A. DoWN'S 


liactoria co'itits from misrollanoous r^amplos of milk. Plain agar at .If 
for fortVH'ialit ImuiN i-; mKiuo-itionahly tho k'ast favonihl(> comhinatioj 
for ilii.' puri)<W(>: iho U'O of lai-ioso a.nar at thi.s tomitri-atiiro appran tj 
havt' few, if ai\y, atlvantauo-^ over plain asar; ami altlio di'.Kt ro.sc a^;ar ^ 
.47' ha.-; ill.-tiiict ailvantau:i''; (n-<T iIio.m' mi'iiia. ni-vi‘rtlicl'‘-;,s the luijnrijj 
of tho fosult.': ohtaiii.'d from it arc lower than thosi- prodiici'd at 20" ot 
40' for day-;. 

For di’\'elopioa: the maxitmim I'oiitits. d-xtro.s' afjar at 40’ for livi' dtyj 
,.., 111 ' to lie >uiierif)r to any of the other eombiii.-it ion-; con-^iilereil in this 
paper. Thi- medium at 20’ for live dav-; i-; .'d.^o prefer;d)le to plain or 
laeto-e auar at either .40’ .ir 20’. The -tamt' laek of a di-tiiiet siiperioritT 
of one of rho'e latter i\\i> media over the other exi-si-; .at th(' lower leij. 
p-rtitui't a-; tvell , 1 ' at .F ’. 

Coimt' I'htairnd a' 47' after forty-eielit lioiir- are prohaldy .siilijirt to 
fjreafer di'i reptim'i' ' than tho^e oltttiined at ili- lower t"inper;iio 'tor 
longer period' of time. It li.'i' Ix'en .-shown thtit the iiortti d variai ion- in 
fenipt iatufe ihiuout .-i m.'i of tiylllly ptiekeil pl.ate' i-i -iilllieient to ea'l-" 
as hiirh ti' .i tif'\'fold •i.iii.tii''n from the -.•mie .-.•im))!e ol milk: wlien is 
otily a thieef.ild N'.ni'ittMi, w.i^ found when tlie pl.ites wre art-.'itioe 1 ta 
iillow ;i ftee eiri iil.i I ton of .-lir aroiiiid eai-h one. I'o n\'oid irro" di'i'i"!i- 
atiei( it i' tieee-^aiy. 0(1 tile li.i'l- ot tin- preS'ioll' fe'llll', to plo’.'ll'' 
siieli vetit ilat ioti iti 4)7 itn 111 Mtoi'.s ;i.' will heat eaeh itidi viiliial pl.ite m .1 
hlijek ;il ati a pproxmi.i'ely equal r.ile. 

Po"iMe \',ll iaiiotl' itl h.ietelia (ount' re'Ultinu frotll the Itre.'i'tl' 1 '!:'" 
tneihod of etiiiniei.ition 'hould tiot in- eoii'idered as a eotiilitioti olitaiti.i'i 4 
their n-efnliie". Iko teiiti eount', toi;ether with the i!iscre[)tineie.s t" "'liri' 
thi'V .Ite 'Uhjeel, 'lliiUhi I"' eoti'ldefei 1 olilv With flill knowlei|>;e i li lli'lf 
litiiitaiioii' .Hid of the fid that they i-on.-titute hut one item ol tti- 
evidenei. i:ei.--i[v to (ji.ide milk into di'tinet* ela.-v.-'cs tieeordint! to 
wliole-oiii' li' " ami keepine qU'dilV. 

It! oiih )■ to ti iniiohi/,'- llie-e v.'iriatioti-- with exi.stiriK miinerietll haett-U.iI 
staml.'iiil'. I' I- e,o'nii,il tli.'it .'dl f.ietor-.. t(-ndinn to caiiss- viiritil loas .ad 
di'i'K p'ltieii - i,.. [i.diieir! to a iiuiiitnnm. i-'iirt hermore, re'iills ohtainel 
from -'nil in.inipiil.iiioii-, tho nee<--vsit,at inn the slateiiieiit "I li\' i 

iniiiih'i-. 'honld he inierpieii <1 in a manner whien reeoffiiizr'H d.e fr ' 
of infltti'ie '..'line ot th‘'e nuitdx-t-. for demiting .suell exact depie''- 
h.'ieierial qu.'dity a.s rli< -fatement. of fixed mitnerieal expreswion.s imph' '■ 
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vn achment of the abdomen to the thorax 

IN DIPTERAI 
Benjamin P. Young 

;\[:iiiy oxf'ollont studies have been made by various investigators on 
the iiiiii'|)liiili)gy of the thoracic sclerifes of different groups of insects. 
A tiunil i'i' of tliesc investigators have covered the CTitire class Insecta 
■sMili the liopf' of iletennining the ground plan on which a typical thoracic 
scuniciii i' basi'il. Such investigators have done much toward estab- 
Ibhiiiij, a uiiifonn terminology for this partictilar part of insect anatomy. 
()tli('i woikiM's liave limited thcm>elv(‘S to the consideration of a smaller 
gnuni, a' die order or tlie family. But in no place in the literature has 
till' wiior liceii able to find a recorrl of extensive studies on the order 
Pi|iiiia Snodgrass a and b) and Crampton ilOttO) have each 

fiiiund luo species; otlicrs hav(' m:ide even briefer references to the 
.\' for comprehensive work on tlie relation of the anterior 
iiliilniiiiiiid 'i lcMtcs to those of the melathorax. nothing has been found, 
i'olaii d i. \i hgurcs Ix'ing the only <'ontril>utions along tins line. 

lliiniinli tins study, which had as its primary aim the homologiziitg 
cit die alMliiiiiiiial and thoracic sclcritcvs in s|H'cies of each available family 
til till I'lptrra, It was hopial that sometliing might Ix' adiled to the mor- 
I'liniiiiiiriil liiiratiire of the group. Among the indices to phylogeny, 
"iiii; 'll ii iiHiii lias cdiiic to be regarded as one of tlu* nnrst \ aluable becau.se 
" '' c\ idcnt ; tlie morjihology of the genitalia has nut IxH'n used as 

I'""*' ''au'c ot the thflii ultics attending such studies, but at iiresent it 
I ii.iiiiiiiu la\(ir bccaU'C of the (h'sirabihty of using all availalile means 
111 llUll\',lI|M hglll on the aliovc-mentioned probhan. Vesliture has bet'U 
"J "" ' ' "b I 'pcci.illy by dipterologisis, liut mostly for generic atul six'cifie 
I* 'be external morpliology of this particular part of the 
'' '' "" contribute btit its share toward the history of the descent 
'* -""‘Pi tile writer will feel that his efforts have not Im'cii in vain. 

^ I iniiiioie, .sy.slematisl.s of the onler arc not in accord a.s to the 

‘ J by, and rarrird on nndrr tho »nd xiiut'ii of. Hr A. 

,, , |>j, iiidfbt«i to him not nnlv b»r man> mijtizoA'iont <uit ol tu«i rx|>rrioiP'<' 

(t, p uTn M a wholp, but al»> bir hiM mtrroiil shown tlironithout Uio pro^rm 
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number of ai)tlominal segments in (UfTerent families. Some have I’ountf,] 
only definitive segments arid used such for key characters, while' nili|,|, 
have taken into consideration thetnie nmnlu'r as indicateil by thcspiiaii,. 
One of the reasons for figuring herein the plcurites of tin' ineso- an,! ,|j 
metathora.v and die seleriK's of the [>roximal abdominal sc'gments nf sjinp 
of the commoner species of fifty— ('ven families of this order, i.s to aiiliu 
bringing about uniformity in interpretation. 

Having sfiuliotl but a few s|)ecies of each family, the writer cannor-av 
that the characters of the one figure hold throughout tin' family, i,,j> 
nevertheless a typical 'pt'cies should atTord e.vternal facies more m 1,„ 
characteristic of the family. 


.METIIOD.s .VXD TECIIXIOI F. 


Practically all of tin- study w;is made frotn ilried 'pt'i-imt'ns whirh hd 
been soaked for from tliree houi't'i seven days in a in-per-e('nt sohiMii’i ni 
pota.ssium hydrexidf .'^oine forms weri' alrea'Iv cle.ir e/joULth fur 'Uiiv 
but were allowi'd to rein.ain iti the l•le■o(•r for a fi'w hours in oriler in nia 
them siifheieiitly for 'indy and handlim:. The specimens weic n..!: 
washed in distilled water to which a few drops of aeeiic acid had he:i 
added, atid prc'crM-d in 70 -per-eent ;deohol. 

It was soon found imiKt'sible to soe suiiu'es in some forms, e'jiei-iil!\ 
the smaller species, witlmut <lis,-eetion, and it was only after each ii.im 
had been halved by a tnedian loiuritii'linal ciii wiih a sr;di)i'l ihn ib' 
work progressed with dispatch 'bins operation, which wa- done nii'l'i' 
7b-per-eerit alcohol, was followed by the removal of the %-i'Cera el i ^ h 
half, but during the la'ier ojM'nition c|f»'e aiieiition was gi\'en ibe la 
the tracheal branches Ic.-nliiig Ut the spiracles in onlia' to learn the pn-ainii 
and number of these in the abdomen. The left half wa.s then a', iibhb 
for fA'ternal .~tud\', while the right wa.s reserved for internal -t chi' "■ 
phra'.nna.s, ajjodeme', and aiK>phy-es ;is an aid to the- more definite Im inio 
of sclerites. 


The binocular microseofx' was useil both iti tnaking rlisseetioi - co 
for th(- study of 'tx'eimen- in 7i)-[M-r-rent alcohol. Itrawings ueo nob 
on coordinate paper with the .ud ol an oeiilar inicromeler laid oil m 'i|a m ' 
lo in.surt' the objeet's remaining in the same place, a simdl jiiece ol iil.i-n- 
cine, list'd in imideling, wa.s .stuck ttitfie btjlttim of a watch gla.ss a' d dn 
fly vva.s held again.st the Ixittom of the gla.ss by means of (wo ben' 1""' 



Attachment of the Abdomen to the Thorax in Diptera 2o7 


•;tuck into tho phisf icino ju-'t :il)ov<' (‘acli ciid of iIk^ insoct . For drawings 
iMiuiring two or tliroi' lioiirs lliis piovcd lo lie a very satisfactory method, 

the alcohol rcmtiins chair for that h'liglli of time. 

In each drawing an attcinjit was made to show all chitinized areas 
’leaf and all incmhi'tuu's stippled, d'here are sderites to be found, 
imrcver, in which it is difhcult lo cl.ass thi' inleaument as ('itlu'r chitinous 
31' incnihranous. .Vssiiming the nieinliranous slate to be the more primi- 
tive. iiic.'ca'ing amoiinis of cliiliii laid down in ineinliranc were represented 
bv a (li'ci'casiiig amount of stippling, that is, by placing the dots farther 
anil farther ai'art. All outlines, as well as sutures iiising the term in a 
teiieral 'cii'ev were shown in full line--, while all endoskeletal parts, 
■tucli its phraginas, ;ind all sutures co\-cieil over by other ])arts, stieh as 
apitenilages, w(‘r(> shown in the dot-and-<l;i-'h hia' In most figures the 
aiii'iuiit of (h'velopmeiit ol the phragnia between the mc'O- and the meta- 
tei'iinni al'O \\:is repres(‘nie<l in ihi' ncinner. Indi-tinct sutures and 
liouiidaries of chiiiiiized are.as winch -hade olT into nicinlirane, or vice 
Teisa, wei'(' reprc-enied by ilotte(l line'. Spiraciilar openings were shown 
ci'licr with a cro"halche<l intciior or with a fniige(l boiah'f. 

Penial drawings were inked on the coordinate papi'r ;ind plates were 
made diivctly from these. Drawings wer<' either enlarged or reduced in 
order that all jilaies might have one dimi'iision, the length, uniform. 
Punts wi.ie ni.ade on eontr.a'I paiier :ind the sclerites were hibeled on these 

'■I'limduciions. 

M \ 1 hlil \I. 

The ni.iieri.il on which this paper ts b.ased was all drawn from the col- 
lections 111 the Department of I'iniomology at < 'orni'll I'nivefsity. Dis- 
fecciioiis hive been preserved in alcohol and retained for refciamce. 

I'll- die roiiNeiiience of systeiual isi s t hi' figures are arrangi'd in the 
'he l.umhes to which each s|)eeies bi'longs, as listed in Aldrich's 

( 'ihiliujfii \iiiiii ,\iiiini-iin Piphrii. 

•H the lilty-nine families according lo .\ldrich. one or more six'cies 
fiiiin lii|\-||\e havi' been studied and figured. In addition Sc nra ochro- 
and /'m/dn/u cdsii, which tire incluile<| by .\ldrich under thi' families 
* to|i||i||,h.,,. and ,'sepsidae, res|>ecl ively, are figured and placed in 

f le i iiiii'ies Sciaridae and I’iophiliilae. 'I'he following families are not 
repu SI hieii Acanlhomeridae, Apioceiulae, I’hycodronudae, and Nycteri- 
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biidae. The list uhich follows gives the family, the species, the sex, and 
a reference to the drawings made of each. In addition, informaiion 
gathereil duriinr the study as to the number of abdominal spiracles and 
their location in membrane or chitin is included. 

OnltT ihpleni 

Divi>ion Probiftcid^ie 

Orthorrhapha — Xemocera 

TipulitUp. Pedicvi rjbintta, female fPl&to IX, I ami Picht aKlnniinal spiniolr', 
but Li."! in rneiiibram*. It is p<>>.Niblt* tiut the >upposetl spiraclf may i>c the i-.t , 

..f rh*- fra(h<-al M'Ntfm to tip* ter^tt\ 

P'U hjTr 'f ‘I P male (IMate IX, 3), seven alxlominal spiracles, ii.l m 

riipritbr-trie. 

Rhyphi'ijo /'.f/'CtM? female (Pkte X, 4), s<‘ven alxlorninal spirack', .ui 

ir. rnt rnbr.vrtf-. 

Dixi'i.p*. Iju ‘1 h-.Tiale H'late X, o’, seven alKloinirival spiracles, all im 

111* n.br'irip. 

P'y- P. ji'h-A'i s' fi-rua!*' ''Plate X, tb, w^vrn alxlorninal spiniclen, a!i , 

r/it nJT »!}•■. 

(Ihironofiu'l.ie. < •>' \'ivt rnak* 'Plato XI. 7 ami M, at least sovt-n k’ i 

poN*' bly Hcht ab'I'-miruJ -pira'I*-. all in tiieml>ram*. 

Culp i'la»- C'lbf rnurth n.ak* I’Ute XI, , wven alxiommal f*piraeles, ali d. 

r/iernbran»* 

.1 /,/,/i/i, ni'l’ imncHlntn, f* ;iuJo Plan* XII. 10 . siwn .ilHiornifial Hpiraelo’', o' n 

fip-f/jbr kfi*-. 

, f‘-r}ialo 'PIat»- .\II, II , sovjh •*b-h>nitna! -pira'-len, all in rnernbrk’ 
Myrt.^opliilifUo, hut i-inflerr’-, N-fhal*- ■ Pla^’ XU, IJ , alxiMimital . pinieli'X, i 

flit fiibrant' 

Si >r.nra rnal'- l"Ut** XIII, IJ, M*\<n a’Mlfnijirukl ‘*pira'’lo.M, v' 

fn» fnl.-rane. 

'"'‘•i i(i.;/ny!!4ao. Phufj^l>.jihtif)'i -h'Jnhr.rh lii »Io f Plato X 1 1 1, II , j«-von alxirkminal •‘'pn k ' 

k!l Hi ii'j fiiltruiif . 

P>.bii-rii-i.»»-. phria hftfrui.tfr^i, f#-f/.al‘- I'laio XIII, I’o, fijilit alHimurnal t«pjra'-lo-. » 

riji'nibr.irif 

''Hill. III. i.v-, ’itr, riial*’ M'Uto XIV, Pb. wvrn alxlorninal xpiracicx, all ' 

fjr*r Hi H,i fnbraf <•. 

Pi'-pharic f r la ■■ filf.phar^r* rn fomah- ‘Plate XIV, I7i, seven alxloi' 

-pir'kf!. s, /ijoriibrafie. 

< r]}\,!i- fy]u\ul:>- am* nrana^ femaJo M'Uto XI\', I**', xeven alxlomillfti xptr i 

ail Hi ri,i ;■ brafio. .''of/iblam e of eit(h'li ■’pira'^k* irxinateU i>y color but no wpir e ■ 

fiHig M ' .<• 'i/'i'n , 

- Ur.,. hyrcrH 

strati';!i,'.isi,v .\ll-ijf,, .f/t fn^rii/irnui, fcrtmlft fl'latc XV, 19;, wven abdixii . >1 
■'PJra.IiH, .'ill in tncrnljranc. 
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l:il),inHlae. Chrysops indm, male (Plate XV, 20J, seven abdominal spiracles, all in 
tiATiibrane. 

lAptidae. Chrysopila ornaUi^ male (Plate XV, 21), seven abdominal spiracles, all in 
ii,i'[nl)rano. 

N\‘ini^triiiulae. llirmoneura sp., female (Plate XVI, 22), seven alxloininal spiracles, all 
ill membrane. 

(’\rti*lae. Ouccules incultu.^, female (Plate XVI, 23), .six alxiomiiuil spiracles, all in 

chitm 

lii)iiib\ liiiae. Anthrax nlternoUt, female tPlate XVI, 24), .seven abdominal spiracles, all 
III m»-mbraQe. 

rf,i n‘\ Thfirnn fucatOj male MNiite X\ II, 2.1', .s^-ven abdomiiuil .^piracies, all in 
incmiiram*. 

S( fiinpiniilae. SreiKtiHtius f(‘fnal«‘ MMate XVII, 2ti-, at li^a^t s<*ven and pos.sibly 

viuht alxlommal spira<‘lr.s, probably all in mtmbrane, althouj^h thoMj of lad four st*g* 
(considcrmir ( ajlit sjnraclos. .ar*- v.t> cIom' to the cliitinoiH margin of the 

Midai'la''. .l/idov fomal'* Plat** X\ll, 27', enrbt alMlominal spiracles all in 

nit nibrani' fXtept la^t ^urrteit»«led by clnlm. 

V'-iii'iar female < Plat** X\lll, 2*^ , at lea't seven and possibly an 

iiLdiih ab'lomm.d ''pira>'le. all exeopt eighth in ntombrane 

liopotli.laf. I) ihrhniiw^ ru/zufoi.-f, male ' Plate XVIII, 2t) 's-v.'n alslominal spiraele.s, 

Jt m m>-m)>ran«‘. 

I -inpiilid.'e' l‘hiimj>h>oh /vi sp., fvtnale 'Plate X\ III. •>()■, sc\en alKloniinal ■^'piracies, all 
ill ini'Mibr.'Wli' 

boil' iiopti ndae. l.onrhopii'rit sp., female t IMate XIX, 31', .si-ven alxlomiual spiracles, 
la'I four 111 liiembraiie. 

I'li'Ti'iae. rhoni MOfti'ffei, female (Plate XIX, 32', at !ea''l si\ and possiiily seven 
aiMl.iiiiiii'il ,s|)ir;n !*■>, all m tiieiiibraiie. 

( \ ' Inn hapha \ t tifTh’fra 

I la! \ jtr/Hl.if PUih/}it yt it‘lni}nn, feinjilc (Plate XIX, al>il'>miiial spirach'-, fird, 

I'dii. "ixfli, ami "fMaith in iiieiidiraiie. 

1 iiiun'-iihda**, /*ifnniriilu,s titlnniH female ( l*late X.X, 31', .seven .''txlominal spiracles, 
all 111 membrane. 

rplmlae. ome/ male (Plali* XX, seven alHlotnimil spinicle"', all m 

mi mbraiie. 

("li'ipidae. .U'/'i/M M’-f/ iii'fcie (Plate X.X, 3<1), seven alHlominal spiraele.s, all but 
ami si'Veiitli in membrane, 
f \ ' lorrhapha - f ’alyptr:it;w 

O'stri'l.ae. flash (zi/c-'i/t/jo/i.s, female (Plato XXI, 37), seven abdominal spiracles, 
•'d! m membrane 

lathimdae. 7fM’Ai«(i female (Plate XXI, 3S), fleven alxiominal spiraele.s, sixth 

onl\ in membrane although lirst is in very lisht chitin. 

Mid.e 'Ihil'itra inal(» (Plate XXI, .'i!*', .seven abd.mitnal spiracles, prol>;ibI\ 

in fiiitiii although first, sixth, aud seveutli are iu very light chitm. 
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Sarcophagidae. Snicophnga communis, male (Plate XXII, 101, seven abdominal spirarlc, 
first ami sixth alone m membrane. 

Muscidae. Museum female (Plate XXII, 41), seven abdominal spiracles, flr^t, 

sixth, and ;e\enth only m membrane. 

.Anthomviidae. M'ld’-rchu uiiA^bti, male (Plate XXII, 4d), seven alxlominal spiracle^, ., 1 ; 
in ohitm. 

t kui aUduin, male (Plate XXIII, 43), seven alxlominal spiracles, first an i 
sixth in membrane. 

Hyltphil-i pi',,/' . i.-inale (Plate XXlIl, It , seven alxlominal spiracle.s, first, suti, 
and .~e'. eiith tu membrane 

^chi'ei "ijZ'i :■ m.kl'' Pl.ite XXllI, 4'i , app.irently only five abdonin..! 

spir.v le<, .ill in 1 hum 'iii.i'i 'JX .■■i eamlal spiral les in.iy have ts'en overln .k' >; 

Ophji'i -■■e,.’, male i Plate .X.XIIl. Ill, .‘X’Ven alxlominal spiracles, first ai. i 
sixth "nl> m iie mbraiie. 

Lup'i ei. -k ’i., ieiiialf Plate .Will. 17 . but fue abdominal spiracles, first onh 
in iiieinl.ratie 

Limn-'i'l" ■ • ■■ male Pl.ite X.XIIl, lx , .seven abdominal .s[)iracles, si.xth otili 

in iiieinbrane. 

I r",,',. i ,• I, fern lie Pipe .XXI\'. 1 '* . Kiveii abd' ■ 1 1 1 1 n.il spiracles, fir't ic, 

in tiietiibrane, altlccuh l.i-t t«e. u Im h .ire r it her cl"'e tugether, pi-nelrate M-n 1'." ' 
chi'm 

P’P'nii,, -'fi.. f,ri,,il. pi.i'e .XXI\', V' , se-.eii abdiiiiiiii.il .spiriiles, first nii! 
mernbr.ite , .iltliiiugli list •.III. wi.iih .ire il.,-.. tugether, |x neirate \>t\ li,:' 
chi'm 

l{,l,„,,, i ; 1 , t’ern.ile Pliie .X.XI\ . -'ll . s,.i.,.n abilemmal spiracles, first ni.h 
irieinbrane, .lith.cigh -ivt'i .ind e..ntli .ire lueate,! Mrs . lose |iii;e|hi’r in the to .• 
chi'm III nrs' t•ll'••.|s.l s,.,(n,. nt nf the i,\ ipn-.t.-r 

Anihirnpt ///'< -m. m.il,' PI I'e ,X .\ I \ .'••ven alxh iininal spiracles, fir t ii'id - 'i 

in nieinbr.ine 

!, m.il '• IM.i?'- \XIV, .Vii, blit fiVi! aUi'ifnuia) npirarliM 

br-t Hi fi!*-»ni-r 

F'lrm,! r iKii >■>, rn.kl** /ni'l b-rn kl*\ '>hi i:. 

rn^Ti.br-kfi*' 

Cyui'jrrhaph.i — \' 

irtyph.k»ri'i.t»- ,,-n rvt^ rii J*- f'J.ir*- XX\‘, 

.i'!*'. fir-^ if.'] jit rmfi.br.'ifi*- 

H‘ *» r 'fi*- jri-i k»'. f vi I'l'fi'h:, {f-rn.'k!'* XXV, »c;vrn spir.k '■ -t 

fir-’ iij f;,# riibr.k'j*- 

z 'i w Iji't rn.klc ■ I'l XXV, .Vi), wven atxiorninHl spirarlcH, ..H 

:/.br Uii-. 

li-rf. -r ia-' ■/ f* rn.fcl- ' I'l kt*- XXVI, 57 ), seven aUbunitml Hpira^'l* . 

iri fi.f'dfjr kfit 

i'lB.) /, -1 k*- iTnh-'.iurn, tf-rrial*: ^ Plate XXVI, .58), ifcven alxIominAi spiracb ^ i*** 

b’lt i.iit t'Ao ui rii^Tfibrane. 
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S.ipromyzidac. Saprnmyza lupxilirui, male (Plate XXVI, 50), seven abdominal spiracles, 
a11 111 nicinbraiie. 

Hm'lhii viriduhns, female (Plate XXVII, 00), seven abdominal spiracles, all 
l)Ul last ill nuMobrane. 

UliMpalniueridae. Rhopnlomern jiaiyu^eps, female (Plate XXVII, 01), seven abdominal spir- 
.k Il'-', all in ineinbrano. 

'i'r\ pctnlae. huaif'st'i female (Plate XXVII, 02i, seven abdominal spiracles, all 

but la^t in iiKMiibrane. 

Mm rcpi'zidae. ( nfhict'p''^ female M’late XX\I1I, O^b, seven abdominal spiracle**, 

all but laMt in in*‘nibrnne. 

."t p'-nlaiM N(/).s'us ri'ihicefi, female (Plate XX\ III, 01’, seven abdominal spiracles, all but 
lu't two m ineml>rane. 

IMopliilidae. Riophil>i fetnale (Plate XXVIII, Oo), seven alxiommal spiracles, all in 

tm-inbrane. 

I’Mlida.*. Lnocem pleunfirt, male (I’late XXIX, tWi-. seven abdumnuil spiracles, all in 
mciiibram*. 

UiojiMdae. Sphi/i‘'ceph>i(>t brtt'U'orm.s^ female (Plate XXIX. 07*, s^.-ven alxlominal spir- 
it !»*'«, all in rieunbraiie. 

I ph\<lriilae /'-'/vd/u hinpi-hprnnu<, female Plate XXIX, Ox-, six abdominal spiracle-*, 
tii 'f nul\ in rneniliraiv. 

0>i-uuilat‘. chloinji^ Mp , male (Plate XXX. *»'* , s-\ alxiommal spiracles, first, second, 
aii'l "ixtli nnlv in nn-mbram*. 

iJrnsiipliiliibk.', phiht m*‘bih4t4j'tstrr {' , b-ni.de (Plate XXX, 70\ seven abiiominal 

''Pirai’l*-*, all in iiieinl>rane. 

/idae, A c/ruei/jx, female (Plat** XXX, 71', six .alxlominal .spiracles 

^ouini, all in rneinlirane. >i>eeimen so .stnall ib.at it hard to lx; sure of no seventh 

'IMrude. 

A:;ri)rii\ 7utlai*. A'pion./iii /-iP’/iPis-, nuile MMate \X\I. 7»', .-it-ven .alslotninal spiracles. 
aP but la>t two in infinbrarii- In fi-m d<' »tf '*|>«Ties all but la-^t (.me of Ntou-n spiracles 
aT' in (lit mbran*' 

I )i\ isioji Epioho<ri'l If' 

ftipp'ilHi-Jcidai*. .\fr!n},}ui,iu<i fi-iird*’ : Plat*' XXXl, 7d Steven abdominal 

"fiirai !'■■>, all m iiirinbranc. 

^^h'l i‘i -imr- (<•'!/. u, fciualo ' I’lai'--* \\\!. 7|. and XXXll, 77), seven alxlominal 
■'jnrai'lo, ,all m int-mbr.an*' 


Order .\fr<'»ipt4‘tii 

laiiurpidae I*itnnrp<t , rnu.su, fein.'dc fPlat'* XXXll, 70', eiiiht alxlomin.al spiraole-' 
alt in membrane. 

I KHMINOl-t h;V 

•111' lulr (if priority in llir sclcrtioii of aiiatoinit'iil lornis is roroniiiztsl 
" Mii^ paper only to the cxtcnl ili;H an- dt'si npt ivi' of iIr' parts 

'vhirh they refer, or else liiive been so (^oiiefiilly accepted by workers 
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in the group that the use of another more descriptive term would add to ilii. 
confusion alreatly existing in the nomenclatures of different orders of insia n 

Full lines representing sutures in drawings are not limited to any on, 
kind of sLiture, hut to sutures in general, whether these arc s|)aces betw, i n 
approximated scleritcs or plates of the integument, impressed lines, m 
lines formed hy the approximated lips of an infolding of the body wall 

GENERALIZATIONS 

The scopi' of tliis investigation makes it necessiiry to limit the diMu- 
sion of homolosries to the rnetathorax and the first few abdominal segineni' 
con.'equently many interc'ting modifications anil details of structiiro m 
the remaining thoracic 'Cgmeiits which have been figured may prove i.i' 
advantage to tho-i' interc'ted in the order, but must be disregarded c 
presetit i»y the uritei', flowever, si-lerites have tieen named in the me~n- 
thorax aeconlimr to tlie diei.ite-- of this study, and a short discussion nt 
the terms employed will of neec'.'ity be given. 

If the .\pierygote ate to be eoioidered the most generalized iii'ei'- 
forms in which wings wen* never present and therefore forms in wlmh 
the mU'cular teri'ion and meehanic.d stimulus due to the jiropei’ fm., - 
tionmg of tlie-e locomotor a[){)endages has never been cx|)eriencei| 
and a thoracic Mgrnerif of siieh an iii'Cct in which there is f)ractieally no 
chitm laid down in the membrane i, to l>e l•onsldered as rather priniiiiM 
theii our conclu'ion must be that a membranous comliiion must h.e.e 
been that of the thoracic ogment-, of [inmitive insects, and only wh 
the develojtment i,{ a[)[Kai'i.igi s g.ave ri.'C to museiih-ir strcssi's and str.et - 
anti friction of jiarts was it necess,iry th.it their walls should be si rengtlieie i 
by the deftosition of chiiin in their integument. ,\II tlnsiries to the onuc 
of insects from tuinelid-like .incestors tend lij strengthen this hy[)oilie- - 
I'lniurpn ritnu.-ia t'Pl.ate XXXII, therefore, h.is been ligureil simpiv 
show the .a()f)f;artince of :i more primitive wmgeil form, 'rtie developim ' 
of wings has meant. the cliitinization of terga and pleura, together with ’ 
invagititition of the body wtdl to form the pleural rnlges, while the incte e 
in size of the legs fia.s me.'inf, their chiiinization and their divi.sion into ' 
true coxae .and mera. I'he .slraighlries.s of the pleural and coxal riil ' 
IS a mark of fjrimitivenes.s The Itirge amount of memitranc in the id ' 
men is another, while the di.stinctivcne.ss of the baHiilari'S and the subtd . ' ' 
might oe coii.sidered a third The two divisions of each terguin of 
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iiieso- :uul the nietathonix aiv clwirly sot olT from oaoh other, while tin. 
besiiiniiif; in the (lovolopiiu'iit of phraomas is soon in both the ant(‘r()r 
anil the posteri(ji' iafolilina: of the walls of the teri^a of these two thor.i a 
segments. The maxinuim development of phragrna.s ea/i he seen in die 
posterior ine.sothoraeic and the anterior metathDraeic ouo, m some 
terou.s .spoeies. 

For eoiu enienci' in eompiaring, a copy of CTamf)ton's (1914 b) “ gronri,! 
l)lan of a typical thoracic segmimt in winged insects ” is h(>re iii.scrieil 
■ tig. 21 In the author's own words, this figure 

represtin-i an hv{>ith<'tii'al rixnpo.site type, to whieh the thoracic segrnenta of any m~ . • 
can he reterr'-d a-* a i'a.-'O of rornpanson, rather than an attoiiiptfal recon.Ntruction et i!i, 
original cnnil'tien ef the thnraon' .■.l■^■ritl•^ in the ancestors of wingtsl msts-t.s. Most e| c... 
primitive fe.niires. hmievi r, .ire inel,i,le,l m the figure, anJ to the.se have been at/iieif nei i; 
tiuns found in the mere -pe'ciah/e'l in-.rt,s. 


Dl.sCU.SaloN OK PaUTS 
7 '/.’ /'ll ^i>(hiirnx 

Thi t'l'jidii 

Till,' two [ilate.s of the ti igntu :.s (icseribcd by \’('rluM'!'f (' 1 !K) 2 ) and Ic, 
^nodgr.'i" I'.tntta' an- o nil!;, di'imgiii'ln-d in all forms ligi-red. 'lb 
large iiiitcnor jAiti', c\»c;,iiirig b.ickw.-ird .-tnil inrlnding tlu' axillary eon! 
of .''iiodgr:'" !!«)'.) !> .ind tin- |>o>t -tergife of ( 'ramjiton > l!)l I bp eom|)0'i ■! 
largely of the 'Ciitiun and the seiiteilurn, has been railed the .seilto-.seiili '■ 
liiin when there an iio vi-ible divi'ioin .Siidonin IIH 21 ) h:is la'cti ini- 
lowed hireiii iti Ins ilivi'toti' of the seuio-seijtelhim. 'Ihtt mort anteimi 
ineditui legioti Is teiioi'd the pie-eiit nm. The large central regiott, ulieli 
is '. ( ry often fined with the pri '.-iitum and al.so often sijbihvided hy .sceoiel 
ary --iitiires, railed the -eii'iim baier.dly f hi.s division carrie.s IkiiIi ii 
anterior aiid tiie po-ienor iioi.il wing proee-,~<‘.s of Siio<lgra.ss, both '■! 
wliieli are li'ii.ill',- well dctined ill Itipiera The liynl division, known 
the -enielluni. i.s f.uily con'tant is a narrow elev.ated median plate exti 
ing l;iter,ill\' into .i ii.irrow band bearing the .axillary cijrd, which is e 
tinuous with the anal rnaigiii of the wing. 

I he 'mall e.iud.il divi-Kiii of the tergnm wheii not divided i.s termed 
isi-t'ciiti llnni 1 111- pi. lie 1' often ijivideil by .sulurcs into a mitditin I 
one or two latei.il srlente.. When 'Hell IS the ea.-sc, only the abbrevi.i ' 
for the-e divi.-ioi,' afijr.ir on the ilrawiiigs. For the middle plate '■ 

term miiliti rjili int^. and foi the lateral plate or [dates the term pi' '' 
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( . /, ipU), aro US('(1. Those iiro the terms which Crampton appropriates 

fiiiiii Martin. In case tliere are two lateral plates formed, the writer has 
piriiKcil (UKi and kala to tlir term pliuroteiyile for the upper ;ind lower .sub- 
vespecUvely, calUwv!, the up^Mir one ttnapleurolergite (ap\t) aiul 
till- lower one kiiUiplcurnUnjitr (kplt). 

riie aiitiM-ior ])hra<^Ina (Plate XXXII, 76, ph^^), or internal fold of the 
1 ci!j,:i l)ctwccn tlie jiro- and the incxithorax, is usually poorly developed in 
thi' m-oiip, and for this reason it is not indicated in tlie drawings. When 
I'.ii o'iii it U'Uallv proji'cts under the pronotum. The posterior phragma 
(1‘laic XXXII, 76, plig'-’p) is well <levelo|M‘d in the lirachycera (Plates X\ , 
21. W'l, 21). Very frequently (he two Jainellae, (he one of the 
n\c-.onu\\\\n and \\ve o\\'.ct of \\\c melanotnm, are easily distinguishable in 
tlic roinp(eilion of (his phragina. 


7 III jili iii'ini 

I’liiii.ii ilv th(' |i!eiiron plati' is coin[)osed of two sclerites, the episternum 
•'("•) and the cpinicroii 'cin-i Th(' -uture (pleunil) foiined l>y a more or 
Ic- tiaiisvcix' infolding of the walls of tins plate (lMatt>s IX, 1, and XI, 
Is. :ip ‘ divide' II into an anterior part, the epHti'rnuin. and a iiostorior 
legion, the epinienei. Thi' .^uture in it< primitive eondition extend' from 


die uing proec" to il.e coxa. Init in some of the higher Diptera, as .1/a.s- 
I o,,i .q.iKiknii < i Plate X X 1 1, 1 1 ii mav disapix'ar altogether just above the' 
leg 1 he pi unit i\ i' .'i I aighi nc" ol t his sui urt' as shown in /'(oior/xi n nam 
'I’la'e XXXII, 7io, IM ili(' Tiimlnlae .Plate IX, ;P, in the Hhyphidae 
■ 1 '■ ta the ( iilicidae iPlaii' XII, IP), and in other forms, 
gi\e.s uay ni the moii' speci.di/.ed members of the grouj) to a prominent 
tnia.iid bending, in some ca'cs. about midway dorsad from its origin 
die coxa (I'lales XX, d.'i, an.l XXII, 12). 

' ""nd.ii\ sutures may dtvide either the episti'rnum or the epimeron. 
ado a dorsal and a ventral r<‘gion, and in .some <ases the dorsid 
' n in.d area itilo an anterior and a |iost**rior jiart. If common usage 
" ' lit di, late dillerenily, the writer would prefer to us<> the more descrip- 
^ ' po hxi'.s (tmi ,a,,(l knta combined with the names of the primary scleriti's 
^ ' "mg to thi'se .si'i'ondary division.s, and .simply refer to the .secondary 

^ "I of (111' dorsal episternum :ls the anhnnr nnepisicrunm. But 
' of their widespread acceptance by systematists of this group, 
d ' o 0.'lon-,Sackeu’s (1S.S1) terms plcropkura and .sknwpleura — 
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slightly inodifiod to ptvroi>leun't< (ptp-) and ■'<ttriio pint rite (s(p’) as vutr. 
gested by Cranipton (1014 1>) for ancpimeron aiul kutepistenuon, rospcc. 
tively — scorns advisable. Fiirtln'rinon'. ( 'rainpton's torni hi/poepiiii, r,,ii 
ihem-) has boon accepted on the same grounds. This leaves only ilio 
anepisterniini to retain the inon' descriptive nanu', its ant(>rior [i.in 
being labeled ■' aes,,- '' and its posterior part when present being refericil 
to as aes,,- " 

The generalized type of coxa as illustrated in I’aiiitrpii viuomi (Pin,. 
XXXII. 7ti) — in which the ph'ur.al suliin' is continuous throughout the 
length of this first settinent of the leg, dividing it into the true cox.a n \- 
and the nieron fnie-i, terms U'cd by Wdion i HttM)) — is to Is- recogni/i il 
only in a few of the lowe.-t families of Hu-s, ;t' the Tipulidtie (Phtte l.V, 2 
and3i and the Hhyphidat' i Plate X. 4'. In the hast two figures evidei.r,- 
is given of th(' migration of the melon dors.ail to l>er-ome fu-ed evenlu.ilK 
with th(' lower pleural sderite, the hyiMxpimeron. hi .all the luelier 
families of Hies tlu' interprt'tation i' pl.aced on the faie of the ineroii, a: ij 
the combined ineron and h\ [siepimeion i' ttained, after ( 'rampton ( IPl I h , 
the t/ifrophti'ih inep-;. 

Th(' hastdare arui 'Ubalaie 'clerites are often prc'etti in this order aiai 
are figured hen-iri, although not l.alM-leii m most of the drawings. 

The .^ertittm 

I’o the writer's mitid it seeiii' doubtful whether the term Mrrnnph it /' 
should be U'cd as its ailtlior intended, that |s, to refer to a eoiidiined stein, I 
atid plelir.d -eleiite. rir father to the [lalt of the (ileurite which IsmiIcI' "ii 
the stermim The s(ud\' of the vetiier of flies is (.irried on with diffii uhv 
because f,t the juoxiinlly of t)ie base- of the legs Blit a nUllllier e! 'lie 
liroader repre-ent.it i\ e- of t he gioiip 'hou t he s,'init‘ .arrangement of sch o'' - 
as does Olf, r.<iti iifninnuui I’hite XX.Xll, 7-')/, in which the two |)leiio'c~ 
termefl -tt niiiplt iirili lut-et each other on the ventral siile, jippan I'b 
crowding out the anterior part of the sternum — the tHinintrniile 'I - "i 
t iani|)ton I'.iO!),. The fure.asternitc 'f-j aloiie s<-ems to rem.ain ii' 
gioiip 

Thr VII t/tt horn j 

Th< leripiiti 

^ oinp.artd with tlio-e of the mesothor.ax, all three plates of the u ■ ta- 
thoiax are verv' small ,\s luxs lieen .suggested, the large development ef 



Attachment of the Abdomen to the Thorax in Diptera 267 


the nior^ot borax to take care of the powerful wing muscles seems to have 
taken place at the expense of the following thoracic segment. Especiallj' 

tlii< evident in the tergal region, which u-sually consists of a narrow band 
of integument connecting the two hah('res and providing a single lamella 
ceplialad as its share in the formation of the mesothoracic postscutellar 
pliragina (i)hg'-p). It is imixissihlc to make out the four principal suh- 
divi'ions of the tergum in the metathorax of Diptera. This plate reaches 
it< grc'atest developnumt in Psi/rhoila slnssuni (Plate X, 6), so far as the 
wiiter’s studies have gone. It may be continuous with the eitimeron of 
tlii' segment, as in 1‘Uriit heh niptmi ( Plate .\ 1 1 1, bo, Sa iiopiinix fcncstralis 
(Plate X\’II, 26), Ia pUtijii^ti r locin (Plate X\T1I, 2.Si, and many other 
species, or there mav Iw a suture separating tlnesc* two sclerites, as in 
Atitlini.i' (ilknidtii (Plate X\ I, 21), lUtiti/pezd vtlulitui (Plate XIX, 33), 
.l/in/'e/e/n'.s du.sobd (Platt* .X.XII, 12'. ami many oth(>rs; but practically 
in evi'iy ea-'C the tergum is .separated from the eiiisternum in this 
segment liy the pleural suture. 

Till ph iiriin 

\lihough comparatively small scleritc's, tin* epist(>nmm (esb ami the 
e])nneron (em') are separated in tin* metathorax, as in ihi* nu'sothorax, 
hy the pleural suture. This infoldiiur of tlie boily wall is fairly eonstant 
in its extent from the coxae to the base of the halteri's, and. studied from 
the inside, aHords one of the best latidmarks for homologizing these 
sclerites ( Iccasionally in the more gi-neralizeil species tin* pre.senee of 
secondaiv sutures in the episternal sclerite makes neee.s.sary the ust* of 
till diitpi.-^li niuin (aesb iind kdl< pi.it< riidiii (kes’’l, as in Ibichprrhina 

T'l'iiijinid (Plate IX, 3) and Iaki innlhiiin iPlali* .XI I. l.t). St'condary 
'Utiires are pre.sent also in tin* jHisterior pleural scleriti*. as in Dixa /uoilistd 
d late .\, ,)j jiiid ('ulex cdtidih nsi.s (I’lale .XI, (tl, but becaust* of the 
""'■'Ttainiy as to (he line of deinarealion In'tween the |iost.scutellum and 
die epinieron the single term c/uuKren (<-m’) is u.sed here. 

^ large numlK-r of iM'culiarit ies or vanatmns in tin* sliaiK* of the pleural 
'dentes are to In* found iti the vtirious ftimilies of this order. Chief 
among these might 1m* mentioned the following. ( 'ouimonest of all, 
I" ihai'.s, is a greatly ilev(*lo|M*d episternum with a resulting stnall epimeron. 
"d< n nothing more than a narrow strip of ehitin ami in some ease's result- 
" s, m the lower part of the epimeron lH*cuiiung membranous throughout. 
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Exainpli"; of suoli a (lovolopinent are found in J’lati's IX. 2, X, 4, u,,] 

6. XI. 7. XII. 12 , XIII, l.'I. 14. and l.l. XIV, IS, XVII, 27, and XIX, .L>, 
On tlu' other hand, llaae aro oxaiiiph's of the opjiosiP' dovolopniciit, ili,. 
epiincron h loniinit ttrcatly enlarfii'd ;i( the expcriM- of the episterniiiii, 
a.-; in l)iil!clh>iiii.-: c-i/iritins (Plate X\'III, 2!)). 

Aiiothi r eoniinon peculiarity in the c|)irueral reition i.s tlie failure of tl,,. 
hypodertnal ee!!s of the ventral [lart of this ana to lay ilown chiiir m 
the intcirnnieiit. with the re.-^iiltini' .afi/te.-irance of the epinieron'.s nio'.iMir 
dorsad 'Plao < X. 6, XI. 7. XIII. 14. XIV. Ill, 17, and IS, XIX, 42, \.\. 
44 and o.'i, X.X\ I, .')7, XX\'II, *12. XXIX. (o'. .M.iny exaniple.-i of Miy 
weak ehifi’i in tlti~ lower efaiiiei.d 'cli rite .are to he ,‘;een. In fact, i: n 
often tldiieuh 'o ,'ay u hen* the epiioeron le.i\ e.-. olf and the inlere i;- 
niental ahdoinin.il nienihrane headns 'Plate' Xlll, hi. X.XI, 48 ainl .ill. 
XXII. 11. X.\X. 7nand 71. X.XXI, 72o 

.\n intere-tine varia’ion in the louer Xenioeera, .ind out* th.ii n 
Vet V I liflieiih of in'erpreiaf loll, i' the niovemen t eeph.ilid of I he eiii'iei imhh 
e- nro the iiieojrlior.tx. v.uh a n-uhint; eru^diiiLr of the eoinpoi.i;ii 
,-elerife iiiep- iii'o a Very -mall area ahove the ine-oi horaeie coxa il’l..'i- 
X. and il, .\1. (I, .\II, ID and II ' 

1 he ni'iveineni lorward of l«)fh p. ir- of let- h:i' eiii'od a decided nin- 
lotiiiaiion ol ho h the epi-iertium e-o iind die epiiiieroti 'etn''i in / > /e 
/■ / /< I/, ' Plate .N \ 1 1 1, 2S; afid III ' -'('hep/ '/i/.s 1 /<// ' I’late \ \ 1 . 

• iii; uhlle the |iro!one,i I ion ot the eoxae III /.(111 iniilh'Hii I Plate \ll. 1 J 
a[)[).ireiit ly re-nl - in the movement of the epi.iiernum les') and the ee:- 
nieroii enr; do'v n on the ha-e of the hy- 

.^iltlire- -one., me- heeome Ve-iis'ii|, a- in the e.i.'i of ( triroih s me • 
Pi.'ife X\ I, J.li in whieh till* pleiir.i! -utme -how- no im(de\ nor -e.ii' a 
any extem.il evidiliee ot havine onee e\i-led juij ahoVe the lia'i' ol 'i' 
coxa. I he -u'liii' helweeri the loner epim -ioti of the ITIC'-Otholax I 
the met.ithor.ie.e ejii-terniim I-I l.iekiim in iJtxn tno'hMn (Plate .\ e 
.aln, in /‘hurn ciinr nirni ' Plate XIX. ;;2; 

What -eemed to he -/Ti-e jiil-i were found oil a IiUIIiIhT of SfM'ele "'i 
‘ ifher die tertinm or th<- pleuron of the metalhorax or the ha.sie seun 
lit the ahdonieii. In a nnmla'r «>f en.-e-t the.-ii- htivf Ihi'Ii figured, 
7;e,o„ Ji,n,h, tpi.ire XVII. 21, em’’ and 2.sh in L, fdoijnslt r "> 

I'l’ e Will. 2.S, th', III unuih, 'Plate ,\ V, 21, 2th to ■ 

//oeime,/ , ,|, ,p|;j(,, x\ |, 22. 2t and 2 h;. 
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Tlio courso of the iiietathonicic apodeiiie (Plate XI, 8. aiP), together 
with the loeatioiis of the inetatlioracie spiracles (sp-*) and the first ahdoininal 
-]iir:i(‘le (ls[)), has Ik'ch a gn'at aid iti deci<lirig on these relationships. 

Besidc's the ('pisterniiin and tlu' epiiiieron, there is a third pleural 
M'lente in the inetathora.x of Diptera which s(‘eins to correspond to (Vainp- 
t ):iA (191 1 h) eoinixjund sdcrite, the pleurotroehantin (tig. 21, ptn.) This 
(ompoiind selerite is deserdx-d as tx'ing eoniposixl of tiu' anteeo.vale (ac) — 
wliiili is a narrow marginal strip of tin- hasisiernife — the troehantinelle 
(lull, the troehantin (tii), and tlu* lower ]>ar1 of the eiiisternum. This 
scleiite is jiresent in a large' miinher of lh<' higher Diptera, and Cspe'eially 
i^ ivell marked in the acalypt rate' imi-eid', as Ltrin sirnita il’lati' XXN', 
pinh, liiiillin ri nihiliui.-i (Plate' XX\ 11, (id, ptn’,i, aiiel Sphyraccphaln 
liKVioinn.'^ ( Plate XXI.X, (i7, ptn*). 


Till ■'hnnitn 

m the mc'odiorax, the' fure'a.ste'rniie' - the''ternal regiein which hears 
till' llilelli.d di.ipopliv "cs. eir fill'e'ae' ; Plate IX. I. apY'd Se'clil' te) he' the' 
ii'iK 'lermie remaining in tlm eiiile'r alame at the vi'iitral vie'W of 
<l[li,s'ii niiiino I Plate' .\\.\II. T-'ii will 'how the' marginal lip' of the 
tail 'I 'eriie' ti'imi'el j)U iiriilriichiiiilin iptidi mi'e'iing in the' miel-ventral 
hiie hm ,'i'|)arai mg e'auelael to feirm the' furi-a'ti'rnile' ifs-’y 


/ III 1 1 (/< 

la an case was the' mi't at Imnieii' e-oxa foiiml diviileel hy a suture into 
die line (DX.I ;iii<l ill!' mei'oli. If mU'e'ular tcll'ion eall'e'' the' rielge'S of 
dll hiiilv w all to h'.' elr.i w n inwai'l feir t Im forma' am of phr.i'zma apenle'ine's, 
and :ipii|iliy'('^, till' may give a pai'i.d e'xpl.m.it nm ot the elis.tppi'arani'e' 
'iiiiii'i' diviilmg the' i-oxa into t wn suhdi\ i'loii', a' the' nu'tathoraeie' 
mii'rlc, are' gre'atly re'ilui'e'il in si/,e' elite' tei the' re-plai'e'iuenl eef ihe' wing- 
dy dll' lia 1 1 e'l’e's. 

•Nodimg furthe'f ni'e'il Iw s.iiel I'euie e'lTiing the' nie't.'i! luirai'ie legs, exe't'iit 
ta.ii ihi' I'oxae simw the* gre'ati'sl vari.il iem. l.nn >nii!hiiiii (Plate XII, 
e\ ) anel Sniint orhriiltihis (Plate' \11I, Pi. e'xh show a eonsieh'rahly 
1 hiiigati'd I'onilil iem. In lih phitnto ni h uuipi s ( Plate' \ 1\ , 17. ex’) t he t'etxae' 
■I'Siime a eli.ijiuiial po'iiion hi'twea'ii the' theirax ami the' treie'hante'r, while 
amiimerahli' variatiem.s in sha|)<' e'xi'l. ,\ numhe'rof the' .Ve'alyptratae show 
dlls part eif the leg fairly we'll si'ulptureei with .see'eimlary e'xternal suturei?, 
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as ill Scalophatjn .'itircorana (Plate XX\’. .'>4, cxB, Dtctija timbnirurn (Plate 
XXVI, 58, cx^l, aiul Sapromy:ii lupuliitn (Plate XX\’I, 5!), cx^j. 

The abdomen 

General ih scnption 

In taking; up the <li<('us>ion of the morphology of (he alxlomeii in n, 
relation to the thorax, the termites, the sternites, arnl the spiracles aie 
considered >eiiarately. There is little to he said in regard to thf' pli iiia 
aside from tlie fact that thi'v are eoinmonly taken .as (he nicmhraiioih 
areas between chitinize<l terjriles .and ^ternitt'-. Xeedless to say, the 
region shows a eoti'idiaable variation in wiiltli in -[Maies showing soinr 
deposition of chitin in th(‘ sternites and the tergiies A ( oniparison ni 
Calobala (db'Ci /es ‘ 1*1. ite X.W’IH. with on(> of the e.alv|)trate imiscids.:i- 
Thelaira >iigrip>s i Plate .\’XI, dti). will .at once -how a unle dillerenee In 
the latter exainiile the [iliaua eon-i-t oidy of n.arrow inflexial .ireas bet ween 
the greatly tmlarged tergite- .aiid the 'iii.dl 'terniie- v.lin h they h.a\e o\i i- 
grown. In the (ai.-e of -pciaes -houiiig no de|) 0 'ition of chitin in the stern, nl 
region, as Phnrn coneinrui ipl.ite .\I.\. 42' and ( 'hlnnip.'t -p. 'Plate 
fj(b, and in -[xa le- -howing iio de|x>-iiion of eliitin in eiihia' the tergal o’ 
th(- sterna! n-gion, a' ( hphm phila ai/ieneana M*l,ate ,\1V, iSi, Mi biph'iipi 
oi'inus I Plate X.\.\I, 7'i,, and ()'ai‘i< arm i icaint 'Plate ,\.\X1, 71 , n 
is impo.ssibie to '[xnak of a ilehnitive plenron. 

In hoinologi/ing the -cleritcs m the .abdomen of IhjPer.a tin- [lo'ition "! 
the '[liracles i- of m\ahidile aid In f.aei. it woiihl be next to impo'-il l'- 
to be sure of tlie sch rite- of die tir-t scmiieiii uiihoiii the location ol li <■ 
fir-t abflomin.il -jiiraele .\n internal -iiidv i- ofti n neec's-irv to est.al li-li 
the [lO'ition of this ojxanng to the ir.iehe.d '\'iein 

In this order, n-iially five more or le-s definite abdominal si-giiierits m n 
lie .seen. Beyond the fifth the -emnent' ao' varioii-Iv iii<Hjilied to l"’"i 
the genitalia l or thi- rea-on it i- very e.a-v to overlook .spiracles bc\' ■ ! 
die fifth, a- 1 he-e are often -m.ali .and -how .a tendeiie\- towanl cephaii i- 
tion. It Is n</t linilsll.al to find iho-e of siieees.sive si'glllCIlt s (Touai'i 
cl(js(. together in the -aine -egineiit m tin- region 

7 hi- h ripti s 

1 h'Te are many intere-ting leaimes m the striieinre of tlie ;ibd<im 
tirgite- III lookllig ,il die gionji . 1 - a hole, it i.s (|iiite evident ' 
there is ti tendency for the fir-t lergite, a-, well tis for the first .steii ' - 
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1(1 (|('(r(';i.s(' in rohitivo size. This ono is usually nothing more than a 
iiaiiow l>and as compared with those that follow. tPlates IX, 2 and 3, 
X, I, XIV. 17, XVI, 22, XVII, 2C., XVIII, 28 and 30, XX, 3.-).) Nor can 
all of this dccroa.<e he atirihuled to the failure of the hypodermal cells 
to deposit chitin in the memhrane just cephalad of the first tergite. It 
M'Cin< very prohahle that th(‘ Ix'lief that one segment may gradually dis- 
appear owing to the great develoi)ment of a contiguous segment, is sorne- 
luiics warranted. 

riiis th(“ory of growth of one .';egment at the e.vjiense of an adjoining 
one miglit at fir>t seem to lx* very good evid(“ne(> for use in determining 
what has hap|iened in ea.se of species which show hut one ehitinized ter- 
!>ite to two spiracles, such as LmuhopUni sp. (IMale XIX, 31, It and 2t), 
Miiiriirchi!< (lusohn (Plate .WII, 12, It and 2t), /•.’an/T.stn fc.stivn (Plate 
X.W II, ti2. It and 2t). ('dluhtiUt itlhiap.s (Plate XXVTII, (>3, It and 2t), 

/r'/.s rfo/oo 0 ( Plate X X\ III, (hi. It and2t), /'/o/dido rasa / (Plate XX\'III, 
h.'), It and 2tl, ;ind Sphjinio phdln hn ricornis (Plate XXIX, (>7, It and 2t). 
Bill on considering the large nutnher of examples that might he regarded 
as I raii'il ioiial stages hetweeii th(‘ \\ ell-<le!in(‘d (irst and second tergite. on 
t lie one liaiid, and the single tergit<‘ tc) repre^iait hoth, on the other hand. 
It Is easier to lielievc in a fii-ed condition of thc'c twi) tergites than in 
the alternative which would |»erinit t he sccoml, nr largc'r, tergite to crowil 
out the tir.'t, or smaller, one altogeilwr. rin'se transitory stages may he 
seen in a ntimher of s])eeie--. In /'/atiy/a c<i Cl I Plate X IX, 33) there 
appear two nolehes in the latero-vent ral margin of the tergites at about 
the place where one woiihl ex|M'et to lind a dividing suture, and only a 
hghler li.ind can he sc'cn extending up through the middle of the tergites. 
hi 1‘ijiiiiirHlus dlldiilii'us ( Pl.ate .\X, 31) tin' only rc'inai'iing sign of a 
'iitiire i> a very faint imprc'.'.seil hue. In I'luhrid intlht (Plati' XXI, 381, 
only a lighter-colored hand marks what may have Im'cu the ixisition of a 
'-iiliire in its |)rogenitor.s. This is likewisi* theca.so m Sdrcdjihdijd roiiiitiums 
•Hate .XXIl, 10 ), \ ery faint impn's,s<>d Imivs exist in Thilmm diijnpcs 

•I late .X.Xp . 50 )^ ji, Miiscind xtdhiiidtis (Plate .XXll, 11), and in I)ictt/ii 
iiiiihiaiuni (Plate .X.W'l, .VS). I>at*To-veMlral incisions, sonudimes with 
and sometimes without vr-stigial sutures, are to he .sixm in some sjx'cies, 
'' '''"/"■)))/) )/cr( lupitlniii (Plate XXVI, oil), Panplra iiinpidijuntiix (Plate 
''■XIX, ()8), ( hhd-op.s sp. (IMate XXX. fitl), and Dritstiplula mcloiunjosh'r 
■> (Mate XX.X, 70). A vestigial suturv* exists in vin<luhiiu<i 

(I late XX\ II, (){)), while only a hit of lueinhrane i.s to be found in such 
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species as Borboruf: (Plate XXVI, hi), Rhopalonura flavicji.-i 

(Plate XX\'II, () 1 1 , aiul Lo-Unrrn />l( iirilica (Plate XXIX, titi). These ,iii(i 
other examples that mifilit l>e cited seem to warrant tlie eonsideration nf 
this first rlefiiiiti\e termite as the fused first and second terfiiit's. h, 
unbleached speeinieiis the-e indieatiotis of a stiture would hardly he 
noticed, and so it is not to l)e wondered at tliat systeinatists of the oid,!- 
do not always afrree as to the tiuinher of abdominal sefttiK'iits. 

Another possilde '•ource of eotifusion to the systemat ist is to l)e foiiml 
in the divi^iotl of tersites into s,<con<lary parts, eithi'r by sutures or a si up 
of ineiubrane. 'I'his may occur in cither tin' first or tlie second sefjinrnt 
As an example of a tei iritc !« im; dividc<| into two sulxlivisions by a siiiiiic, 
one need only refer to the drawinir- of Sii/iiilt)im hirtipc.'i (Phite XI\'. in, 
Ita anti Itpi and (hmilns Plate XVII. 27, It, atid It,,). Examples 

of tlivi.'ion by nii inbraae m.iv be -eeti m Si iora orliroluhix 'IMate XIII, hi. 
Ita and It, a and in I'h i m h> !■ rnp!, m : Pl.ite .XIll, l.'i, 21^ titid 21,,). .\ii 
exiunple of the 'ip.iration of the lii't atid st'cond teritites by a tiaicou 
band of rneinbram' or weak chiiin i- eivtm in AllixjuD^tn jw^cilnrsi.'i il’l.iii' 
XV. lOo 

Iti 'cvend 'peci( - the fir-t .dMlomintd teritiie h.is -o overcrowii tlx* !lioi i\ 
th.it on 'U|)erfii ial cx.iminatiori it aj>|«Mr^ ;is .a p;irt of thi,■^ region. Thi.s 
eoiidilioJi i' tii't't evident m -iii h '|M-<ii-, .a- ( )inj.xiji.i hiih(ii (Plate .\ \ . 
2d, If; ;ind A/iIhrar nit, rii'ihi Pl.iie .\\1, 21. It). 

.V very notiee.dile char.icter. arni one thal w;e first found iti 
ii-'icnlo-sa (Pl.ite ,X.X, I'.io. is an .'nhcni ii ions suture ari'-mg from d:' 
latero-eephalic inaritiii ot tlie fii't :ibiiomiii.d tergite and running caici'i- 
flor-ad through llil> tcigiif often to the eephalic margiti (>{ the 'ecoi'l 
fergife. This vaiif' cofi'idi r.dily in it' ilegree of ilevelofiment in dilTce ' ( 
'pecies, but w.t.s found m all the >|)«-cics ex;imirie<l .Mofing Istth 
f .'alvfjtrat.ie arid tin- .\i :dypt < lenertdlv ^fNaiking, this mituo 
le,-,> highly flevehipcd in tlie c.dyfdntte th.in in the aealyplrtife tnusc' 
as is seen on (fuiip iring linlnnn rinjnpi.x < Pl.'if<’ X.Xl, .'{(t) ttlld .Mn^i ' 
■'tahidaii.^ tPiaie .X.Xll, 11 with Smlnphiiijii sh rrnrnntt tPlatC X\), 
■>1,1 arnl .sVp.,/, Iiiilmin Plate ,XX\ III, hli. 

Th xti-rnihx 

I he greater (|(•m'ln^l math- ufKiti the fergitrs for the atlnehinen' ' i 
inu.seleM thtir, u|)oii the -sterrutes i.s dearly reflected in the liirger nun '• 



Attachment of the Abdomen to the Thorax in Dipteea 273 


(ii -[H'cies found in wliicli flio sfornitos wore eomposcfl of membrane or 
\i'i\’ weak ehitin. In so far as tlic li'i'nilcs are eoneerned, these are of 
silt li a comixisilion only in Orplineiihila amcriauia (Plate XIV, 18): while 
the following species show this condition in so far as the sternites are 
('(.licd-ncd; Simulinin htrtip,!i (Plate XIV, Iti), Orphnephila americana 
ll’latc XIV, IS), Phorn ronci»na (Plate XIX, 32), (uistrophilus intestinahs 
(Plate XXI, 37), (,7i/oro/w sp. (Plate XXX, (i9), Mdophngus ovinus 
(Plate XXXI, 73), and Olji r.'im (un(ricttna Plate XXXI, 74). In- 
siaiiccsof tlic lir-'t abdominal tcririte remainiiur membranous, possibly to 
facilitate the movement of the caudal (uid of the abdomen, are not'un- 
(■(iiiimon. 'Phis is th(> cas(> in Anopitths qiuulriitiiiciihita (Plate XII, 10), 
Mnids cl'iriilits (Plate X\II, 27), /.(inrhopicra sp. (Plate XIX, 31), Pip- 
mira/i/.s dllantiais (Plate XX, All, and liorhoni.^ cquii)ut> (Plate XXVI, 
■)7i Other species, «.ueh as PhaUduphuga slnihiloiih (Plate XIII, 14) and 
Drosophila milaiiogasUr if) iPl.ate XXX, 70., have a slight amount of 
ehitm laid down in this sterniie. 

1 he same force's that have had tlu'ir (‘iTeet in deereasinii the size of the 
tii't aliilommal teririte's have* produced the* same result in the sternites 
el a la u-T number of siH'cies, .Most dee-idedly is this the ea.se in Tri- 
diorna hnuioilis (Plate X, I, Isi. in Th, n ni fauila (Plate XVII, 2.’), Is), 
in Snnopioiis finiDralis (Plate X\'II. 2i>, Isi, m D, plogasUr loari (Plate 
•'^\I11. 2S, Is), in D.ilirhopus cuprmu.'! (Plate XVIII, 20, Is), and in 
.l/a^f.^,( .((/ha/u/av ( Plate .X.XII, 11 , Is); while the same condition hohls 
le a le-M.r extent m l.i a ini,lh,„ii (IM.iie .XII. 12, Is', in Scinra ochrohhia 
'ilaie .XllI, 1,1, 1^1, in II rmoaoini vp, (Plate XVI. 22, Ni, aiul in 
o, riiplioiia riJoninihi.s (Pl.ate .XXII. 10. Is). 


''iib'liviMons of pi.marysternite- are found ofti'ner than are subdivisions 
piimary terLtites, the s<.con,| sternite iK-iuK thi' one oflenest modified 
Parhynhintt 0 rruginai (Plate IX. 3, ls„ and bs,,"), in 
^ (Plate XI 1 1 , 1 .), 2 s., and 2s,,), in llhainpluninpd tip. (Plate 

■' 111. 31), 2,s, an,l ,.,„d in (,iloh„!<, nlhia ps (Plate X.XVIII, 03, 2s, 
"'I 3s„), the anterior part is .separatcal from the jinsterior part of the 
' ' "tid sternite by membrane. 


In only siK'cies. ('Iin/.wps indu.’i (Plate XV. 20. Is and 2s), were 
irst and second sternites found to have coalesced. Here a double 
I nse pit. s marks the usual |>o.silion of the suture In’tween the first 
wond segment. 
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The spiracles 

The miinher of alHioiniiial spiracles in Di[)tera varies from five to eiL'hi 
with seven as the mimher oftenest met with. Data on thi.s {wini :iiv 
given in the list of sjxH'ies on pages 2.j8 to 201. .Vglaneeat these data \m|i 
show the.se ofXMiings to the tracheal .system ajjpearing either in memln.nn' 
or in chitin, but oftener in membrane, as would be expected when ii ,, 
eonsuiered that the normal jxvsition of the row of abdominal spiracle 
may be assiuned to be midway Ix-tween dorstim and venter in the latm. 
In a large majority of famdies this n'gion remains membranous, and onh 
in relatively few have the so-called lergiti's ii.stir|H'd the pleural retrinn 
enough to include the spiracles. It amounts to this: when the li\|)(j- 
dermal celLs in the pleural region have U'come stimulated enough to 
de[x)sit ehitin, then, in the onler Dipti'ra, this n'gion forfeit.s it.s riglit ti, 
be known as a [tart of the pleuron and must be cadhal ;i [tart of the tergiim 
Thi.s arrangement of s[)irai les iti the onler cert.iiidy goes to show that if 
for any reason then' is ms-d for rigidif.\' i?i a certain region, it is no innir 
difficult to lav (lown chiliii around s[)irac|es than at any ftther [il.nc 

.4.S a rule it ma.\' be .said that the abdoiniiial s[)iraclt‘s of s|)ecie.s of ilic 
N'einocera and Brachycera groujts in the subonler Orthorrhapha arc ui 
le fouml in membrane, But immediately the oiit.st.inding exceiUKui-. 
iti .so fur a.s the writer'.s studv ha.s gone, wouM have to ls‘ mentioned in 
Onco/l‘s incultns 'Plate X\l, 2.'{) ;ind in Tonrho/ihni s|t. (Plate Xl.\, 
dll. In the suborilcr t yclorrhaiih.a, the rc[)rc,scntalive fatnihe,'. "f 'In 
.\fhericera and the .\c,ily[)tr;itae teml to [K rmit their abilomitud s[»ir.i' ic' 
to remain in membrane. A numlxT of e.\ce|)tions would have to he 
rais<'d here, however, smli a.s I’lnh/ptzn niutum (Plate Xl.\, .dd), I'lurhn 
I’lnjnib pi nrdi ■ J’late- XXI.X, ti-'n, ami others, .\mong the familiesui dir 
f 'aly[)tratae of this ,suU>rder, the tendency i.^ <owanl the de[M)>itie'i ci 
chitiri alsiut the.-s- ‘•[iiraciilar Ofx-mng.-i Is-caiisi- of the exces-sive dimii.i ml 
exten.'ion of the fergites. If H medle-.s to .say that ihi.s is not the ' i-r 
111 all .'[s-cie- of every family in the grou[). ,\ gl.ince at the recoi I "i 
the .'[x-cies of anthoniyid.s studied will ex|x'l any doubts concerninu ihn 
la,st 'tateiiieiit . 

Iri rno't of the I)i[>fera. and es|»eci.'illy in the more generalized .sp' n-' 
tie hr-t abdominal -[iiracle h to lx- ftiuml in the anlenor [)arf of the .Mg .h ni 
ar.d v(TV olteii m fh< mernbrjine Ix'tween the melalhorax and tlw ho' 
abdominal 'egnient 'I be u.suai [xisition of the remaining xpirac. - is 
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near the middle of the seKinent, if iiriythinf^ slightly eephalad from the 
center. Such an arrangement as that in Oncodes incultus (Plate XVI, 23), 
in wliieh the first abdominal spiracle appears in the posterior part of the 
ai'iiment, is very unusual, while examples of the shifting of all spiracles 
to the anterior end, as in Allognosta fuscitarsis (Plate XV, 19), is not 
at all uncommon. 

SPECIES OK A.\TH0.MYIDS 

Because of the uncertain systematic jiosition of some genera within 
the family Anthomyiidae, six'cies of twelve genera of this family were 
studied and figured ( Plates XXII, 42, XXIII, anil XXI\', inclusive). C'on- 
sideraltle uniformity is shown in the structure of the region around the 
liase of the abihimen. In each ca.s<“ were the episternum (es^) and the 
epiiueron (em‘). as well as the pleurotrochantin (jitiP), of the metathorax 
clearly defined. The fused condition of the first and second alxlominal 
tergites, in contra.st to tlie sejiaratc state of the eorresixinding sternites, 
held 111 each Al.so, tlu' adventitious suture of the first abdominal tergite 
was constant. 'I'Ih* gri'atest variation found in these species, jx'rhajjs, 
wa' in the location of the alxlominal spiracles. This can be seen liy 
referring to the information concerning abdominal spiracles which ac- 
companies each s|)ccies in the list on pages 258 to 2bl. 

St MMAHY- 

I’ouits brought out in a summarv’ of an investigation of this nature must 
i/f iiece.ssity be based uixin a sttidy of a rather limited amount of material, 
considering the numlx'r of genera and s|H‘cies in the entire order. How- 
ever. uniformities exist itig in .-ingle sjK*cies of .s(> wide a range of families 
a- the writer has liec'ti ix'rmitt<*d to examine, will at least suggest [xtints 
to be tested in a wider range of s|K'cies within ci'rtain families. Further- 
more, they cannot help adding their bit in the task of unraveling the phylog- 
eiiy of the order l)i|)t<Ta. 

fine of the most interesting charaeteristics to apjiear in a large numlx'r 
ol families is what has been terimnl tin adventitious suture, or a suture 
lunning catido-dorsad from the anterior margin of the first abdominal 
leigile and one not to 1 m> confu.sed willi the suture dividing the first ami 
th e sec ond tergite although the (wo are elosely related to each other. 

Ilie (hart from wbicli thw autnmary wu tlodurUol la inaoixal at the end oi thu paper. 
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This suture was found in sfieeies of all the families studied ainoiif; tin, 
Calyptratae and the Aealyptratae, hut in otdy one family outside of tlu M, 
two !rroU|)s, in Mijopa irsinilDsn (Plate XX, .'hi) of the family C’onopiil.K, 
Clo-^ely at'sociated with the apix'aranee-of this suture is a tendctnv 
toward t!ie coalescenee of the first two ahdoiuinal termites. This teti,|- 
ency toward fusion occurs in ail the families of the Acalyjrtratae with ilic 
excc|)tion of the Scatojihasrid.ae ( Plate XX\'. .>f), the Iletcroneuridae (l^l-.tf 
XXV, 5oJ, and the Helomy^idtie (Plate XXV. aC)): and in all the familii's 
of the Calyjitr.ittie with the (cveption of tin' ( Icstridae (Plate XXI, 
37). Aside from the families of these two croups it occurs oidy in ilii, 
('ono])idai' (Plate XX. 3ti). tin* Jh'puiiculnl.ie (Plat<' XX. 34). the 
Platypezidae (Plate XIX. 33i. and the I.onchr)pteridae (Plate XIX, 31 
But at least five dilferent Staire-, in the development rjf this tetnlency c.m 
he pointed out if tliere are ini'ludeil 'he families shouirnr both the ad\cn- 
titioU' suture and ;i com()lcte 'Utiire In-tween tla* lii't and second teririic-, 
a,' the (4estridae fl’hiti’ XXI, 37), the .''c.alophacid.ie (Plate XX\, 
.'A,, the lleteroneurid.ae 'Plate .\X\'. .uid the llclomyzidae (Plaic 
X.\\', .)6i, 'I'lie adventi'ious siiiure a.'id onl>- ilie dors.il |):irt of the siinirc 
dividinc the two teriri'es .-ire found in the (’'eioiiidae (Plate XX, 3(i , 
the .''areo[)liat:idae Plate .XXIf. |l‘), the .<e!oi:iyzir|;u“ (Pl.ile .X.X\'I, , 

the Piofihilidae ' Pla'e XXNIll, I)’)', and the ( ii-oinyzid le (Plate XX.X 
71,. Further, the .adventicmi' -oiure and onlv the ventral [lart of the 
suture dividini^ the hr't aiel second terKiles lire found in the Bo.horidu 
Plat!' XX\I, .)/ , the S.iprmnyzidae tPl.ate XX\1, •”!)', the Ortalni.ic 
< Pl.itf; XX \ 1 1 , liO;, f he .stepsiil.ie 1 j’|;tte X X \ 1 ! I, ffl), the F|jhvdrida(‘ ( Pl.U '' 
X.XIX, tiS;, the (t'cinid.ae .'Plate XXX. •’''), and the Drosophilni n 
'Plate X.XX, 7(p. The next .st.-iize would In- n-pn-sented hy fjiinihe- 
stiouinc the adventitious 'Uiure alone, in ,-i few I'a.'es the suture heivo , ' 
the Kririfes heinjf rejire-etiled hy a. -enihl.oice of ItietU hralie, a.S ill '''' 
Tachinidae (I’late XX1,3.H,, the Ite.xiidie (Plate .XXI, .‘{it), the .Musei.l ,■ 
(I'late .X.Xfl, 1 1 ), t he .\ntlioinynd;ie ( Plat*- .X.XII, 12;, the lihopalomerel '' 
(plate .X,X\II, 61), the Trv(x-ti(i.ae '"Pl.-ite .X.XVII, 62), the Mierojiezie ■' 
(Plate XXVni, 63), the P-ilidae (Plate X.XIX, Mi;, the I iiofwid.ae (PI '■ 
-XXI.X, 67), aii)l the .\irroinyzi>l.-ie (Plate .X.X.Xf, 72,). Fin.dly, in s" ■ 
t.ilnilie- no marked evidence of e||l|/-r siitnre wa.s to lie found, a,s in ' ' 
I.m,eho(,teri)lae ,'I>|„te \(X, .31;, the Plat y{«-zi.lae (Plate XIX, 33;, a 'I 
the Ptpnnenlidae iPlai" XX, Aly .XmonK the s|H-ei<-.s of uutUum} 
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viipiicd, two of those sfa>i;cs wore represented, oifrlit species sliowing the 
ailM'iiiiiious suture and the ventral part of the suture separating the first 
inl M'coiid termites, an<l four species showing; only the ad'v’entitious suture. 
!:; drawiiiu; conclusions rcKardinf? any uniformities existing among 
:)ijiici-,i in respect to the loc.ation of abdominal spiracles, perhaps it 
■, (Mild ))(' l)cst to disregard the first and tho.-e lieyond the fifth segment. 
Mid ((insider only the second, third, fourth, and fifth segments. The 
iiiii I'liincnl in which tlu' first abdominal spiracle is loca'ed is the most 
Mlijcc! to change, as ii is just at the point of attachnn'iit of the abdo- 
1111 II III die thorax. .Vs then' is a neci-ssiiy for tiexib.ility al this jioint, the 
liiiiK uall is usually membranous, and as a result the first abdominal 
spii ic'c is, with few exce|)(ions, as in tlu' cvrtiil iPliti' X\T, 23j, the 
l(inclioiiicnd (Plate Xi.\. .‘Ill, th.' taclnnid (Plate X.Xl, 3Si, the df-xiid 
I’iiiic .Wl, 30 1, and three s|),vcjcs of anthomyids iPlafcs .\.\I1, -42, and 
r , im| IS), found in meinl>rane. lieyond the fifth .'I'gmeiit, the 
'piiai'li's aie s,, atleeie j |,y ih(' forces producing t hi' modificat ion of the 
'c^lllcl|^^ into the gi'iiitalia that these too are unn'Iiable ]lut in eonsidcr- 
in'.i die .second, third, fourth, and fifth spirade.s in regard to location in 
nwnil'i.iiie or cliitin, some uniformities are socn. All four of these spir- 
cai li f.tiiiily of till' ( 'al\piralae except th(' (H'stridae, in which 
^ *1“' ineinbraiie, are found in ehiiin. .\mong the .Vca’\ ptratae, 

'I l"ni spiiacle.s 111 the Scatophagidai' am! the liiihydridai'. and the' third, 
"*'1 lilih in the ( l.seinidae, are found in ehitiii. .Vli ot her n'pri'sent- 
' ' ! i.iniilics have these spiracles in membrane .Vside from the.so 
"in-, only seatti'red eases an' found in wlii' h these spiracles are 
' I by cliitin. In tin' t'yrtidae, all four are in cliitin: in the 
' "i' B'ld ihe PlatyiH'Zidae, only the third, fourth, and fifth 

a I'c III (■1111111 

^llii pieiiio-irochantin (ptn‘) of the inetathorax apjx'ars as a chitiniziHl 
tlu't yclorrhapha, w it h the possibh' exception of theOestridae 
l l.iii •'V\l, the Tachinidae (Plate X.Xl, 3S!, and the I’lpunculidae 
III XX .j.j) ..Viiiong the IJrachycera there siH'in to !>e two familii's 
'"'"'"■t Inie chitin in this seleri.e, the .Vsilidae t Plate XVIII, 28) and the 
■ 'III liopicridiic (Plate XI.X, fll). This , sclent e ajiiK'ars as membrane or 
'YI"'''"onable chitin, if at all. in all other families. 

" •' few families it was rather diflieult to separate tlu' e|)imeron of the 
"bitioi.ix from the sclerites of the lirst abdominal segment. These 
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species sometimes give one the impression that llie epimeroii of the mi ia- 
thorax is an alHlominal sclerite ami tlie first tergili' is a thoracic .scleiiic 
Because, for the most part, this coiifuscal coiulition exists among tin. 
Brachycera, attention is called to it. This is the case in all the faniilus 
except the Stratiomyiidae (Plate XV, 1 !)), the l-imiiididae (Plate, X\ 111, 
30), the Lonchopteridae i Plate XIX, 31 ), ami the Plioridae (Plate XIX, Dji 

Perhaps one of the clearest rharacters that nature has supplied in tli,. 
area studied, ami one on uhicli the whole grouj) of flic's can he dividcil, 
is the pleural >uture of the mesothorax. In the' Ncmocera with the c‘\r', |)- 
tion of the P.^ychcxlidac', and in the Hrachycc'ra with the exception i,i 
the Cyrtidac, this 'Utiirc' runs more or less 'tr.aighl from the eox.i lo 
the wing proces'. If it henih forward at .all it is on a rather ea.sy eiiivf, 
but in all the Bracll\ ( C>ra cif the ( trthorrhapha, \cith the exeelition (jf the 
one cited above, and in all the' ( 'yeloirhapha, this suture t.ikc's ;m tdaiipt 
turn cephalad (in 'Cime casc-s the angle is ecpial to IX)’ or more) in it,s coui'c 
from the leg tej the wing area. 

Lastly, the writer wi-hcs to e;dl .attention to the [tresencc' of a totigue- 
like .structure iti the membrane of the inesothor.aeie eox.ae of ;dl the 
f'alyptratae and the .Ve.ilyptralae, with the eveeplion of the Oi'strnliie. 
and its absence in till other familic' I'Xeept the .''Viphidae 

'Ihe.'O eharai'teri'tie' do not as a « hole point lo the '.imc' [tl.'iees (nr 
the division of the cmler as the one adoptee] in this pajter, or let any oilier 
.single classifieaf loll But tli<-re an' efiaraeiers, sinh as the prc'semc "r 
ab.sT'nce of the ad\c iititioiis 'Ulun- ami the eharaeter of the pleural siiiuie 
of the mesothorax, which divide- rather ele-finite ly whe-re the\' strike in'l 
shoiilc] U- of value for that rea'cm. (■ertamlv ihis investigation hi' 
einphasize-cl the fact that tin- l.-oi woiei has neii be-en sail] on the systeiii ine 
position of scirm- nie-nibe-r- in -ue-li familie-' .-is the- t 'yrtielae, the (testridie, 
till' Ssejltophtlgielae, the Mphveln'lae-, tie- • t-eliuelae-, ami a nuilll'e-r eif ot le 1 ' 
whose- study ha.s ofb.-re,'il obstriie-iion.s to unifcrrmil it-s within a time-hone" d 
■system. 
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THE BOTRYTIS BLIGHT OF TULIPS 






'S.O'Y’RXT'V'S* OT? 


Edwin F. I1oi*kins 
THE HOST PLANTS 

It reasonably certain tliat (lie Rotrvtis l)liplit is restriefeti to plants 
in the ficims Tulijia. This genus includes Tulipa (iesrxriann L., the 
Darwin, or late, tuli[)s, 7’. siKiKoIrtis Doth., the Due van 'I'hol tulip, 
embracing the (varly :uid forced vtirietii's. and T. sylu.'^tris I,., the .-^o- 
callcil wild tulij). riie nieinher.-' of llii.s geiuis have iK'en uinler eulfivtition 
for Ml long tlmt it is dillieiilt to refer them to :iiiy natural species ttlthough 
tlicai rangeineiit jii.-t given is commonly .accepted ( H,ailr>y. Ittl7 ■ildild-diUM 
Xiinierous references to the ociairrence of this ilise.a.se on other ho'ts 
have tippeared in the literature. However, most of thes(> st.atenK'iits tire 
ba'cd on insuflicient evidence, tunl show lli.at thi' tiuthor laid uialer 
cniisiilerat ion tuiother llotrylis di.-etise ,and ciid not tittempt to verifv his 
cniichir-ioii.s liv cross inoiail.at ions. I{it/em;i Ifo'i (IPtt.'Da 2iti. for instai'(-i>, 
S't'S ihtit while the disc is(' tifleets other bulbs, .'•neb tm hvticiiit h'l, gladioli, 
anil certtiin iris s|)ecies, the tulip is by f.ar lh<‘ most susci'ptible. Klebahn 
(IhO.) l.)-17) takes e\ci'ption to this sitilement sinc(> he htis found the 
di'ea,^e on none of those jilants except the tulip; furthermore, his experi- 
n.ciits show the hyacinth to lie immui e. He ,<ccms to infer that Ritzema 
JBos w:i> confusiiig two dilTerent diso.a.'^cs, tunl that j^e.-ililv, on thise 
fiO'i>, tile (li.'-e,i>o uitli uhich he wtis detiling was eau'od by Srhniti)iin 
^Iilipanii/I Klebahn. However, Klebtihli .sitlles that 
pare told him that on ground which had Isirni 
diceiitm Ho tulips came up, 

5 Oihi? notes fnspiently tipix’ar by tiuthors who evidently confu.se 
pi.i.ois I'Hu.soil by other s|)ecies of Rotivtis with the one under 
“"lertilion, wliieh 

'd.')2) gives 
Note to 11, 


practical gardei'.ers 
bulbous bogonitis and 


sisaies oi notrytis witli ttie one uikler con- 
is caused by Holn/lis Tiilijxic (I,ib. ) comb. nov. Halsted 
a good example of this in attributing tlu' ilisease on 
orgtuiisin. 


\i-,, 


IT'^oif.-d 1,1 n„ 




hirii-.i fidfdt I “ ^*rn«lii3tr Stliool of Pt>rDHl rnivrrsitv. Nfarrh, I'^^. aa a major 

1 smwt V.:; V.; ! for Ih.- of ,* - - 


hif* ttinnkfi 


'Ifhdor of philotwiph 
to rmfrs.Hor H ll 


of (,'ortull 


‘ IbiltH III luirot.tb'*^?*' «tiRK*"4(joii-. h-mJ for hi!* hi fj fol ftrivuv tho ortifn’ss of the work 

n-lrr l<. ,|.V( ,t,i| ^ 

;H;) 
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In order to gain some knowledge of the host range of the parasite 
concerned, numerous cross-inoculations were made by the writer. These 
experiments, which arc summarized under the heading Path/)(]cnicitij 
tpage 3391, prove that the organi.«m concerned does not attack ccrt.ein 
of these host.s under artificial conditions, and therefore it probably would 
not under natural ones. Klobahn 1905, 1907) had previously 

made certain cros.s-inoculations tending to disprove the existence of a 
generalized type of para<iti.-m in this pathogene. 

The disease is restricted, under normal conditions, to the genu.s Tiilipa; 
and while similar Botrytis disea.ses occur on the other hosts mentioned, 
and oven on the tulip itself, they are not identical with this one. 

VA m ET.V L .s r.s ( E PTI B1 LITY 

Varieties of both the early tulips, Tulipa snarrvlenfi, and the l.atc tulips 
T. oV'V'C/'h/ca, are susceptible. Likewise, as alrenrly mentioned, llicv.ild 
tulip, T. has been proved susre[)tible. The writer ha,« collccti'il 

disea.seil specimens of many varieties of the first two .species and h.u- seen 
the rli.sea.se on the wild spf.cies. 

Klehahn 1 1995: ll.>, in his experiments, tested five varietie.s of tulips 
presumahly curly varietie-, but fimliiig all sii.scepiihle he drew no general 
conclusion from this re.-nlt. He thinks it would he desirable to coiniiare 
the susceptibility of the early atid the late speeif's. 

The writr r found the disease on a large numIxT of varietif" of 'mth 
.species, a!.fi isolated the cau-al organism; he also siux-ceded in art icii, illy 
infecting both spccie.s. He had almost concluded that there was not iiairti 
difference in suscejitibility. But in the spring of 1917, in a g.iiilcn on 
the Cornell I'niversity campus where there wa.s then a .severe ontl roak 
of the di.sease, one variety of late tulips (Baroime de la Toniunc , which 
had certaitily been exposed to the infection, showed no evidcinc of tltf 
disea.se. I’p to the present time there has not been an oppori unity 
test this variety further. 

THE DISEASE 
NAMES 

Various names have been applied to the disease. Ritzema Bos 
19j incorrectly used the name kmnlen plekken, a term applied by ^ 
bulb growers to soil that will not produce tulips. Later Klebahn < 19 
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showed that there are various causes of these “ bad spots,” but that 
usually they are due to Sclerotium Tulipanim. Hence the term kwaden 
plel-km may not be applied specifically to this disease. 

Ritzema Bos (1903 a: 19) uses also the word Umf alien to designate 
the disease as it occurs on tulip tops becau.se it often causes the stem to 
break over. The writer believes, however, that this name is better applied 
to a physiological disease of tulips described by Sorauer (1903:26.5). 
“Tulip mould” is the term used by Ma.ssee (1899:1.58) and also by 
Halsted (1902:438). Later Jacob (1912) states that it is commonlv 
known a.s “ fire.” 

The writer would suggest the name Botrytis blight for this disease, 
since it causes a typic.al blight, and although there is another Botrv-tis 
disease of tulips, this is the more important one by far. 


HISTORY AN'D DI.STRIBUTIO.V 

The Botrv-tis blight of tulips was probably first described in 1830 by 
Madame Lfiiert, in connection with an herbarium sjoecimen (Crypt. Arcl. 
bo. 3t)j, She evidently observed only the sclerotia. She describes the 
fungus from the sclerotia as Sclerotium Tulipac Idliert. From her 
description it is evident that she had studied the sclerotia of Botn/tis 
Vamiticn v.avara (Saccardo, 1888-89). 

It d!?^ carefully observed by Cavara (1888), in upper 

.iK However, Ritzema Bos (1903a: 20) thinks Wakker (1885 22) 

anno rr]'‘''"TT ‘^^fore Cavara 's publication 

that ft ' “♦^•P<’n5'‘ckte.” Ritzema Bos (1903a:25) states 

years h, / m known in Holland for more than twenty 
five Hn T fir-st laecame .seriou.sly destruc- 

The work ufTected tulip bulbs were sent to him from Norway, 

'vas valnafil’ some respects not very accurate, 

disease u/ ^ attracted attention to the im|X)rtance of the 

0"the'.sul,joet'"''“ "" published several papers 

occurrence of the di.sease in Northamp- 
Pef.r.4,u,.g in It was reix^rted near St. 

‘T’l'earaiice in IT i ^ lt)ll). Klebahn (HK)4:18^ mentions its 

Hamburg, Germany, in 1902, and in other parts of Germany 
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latpr. He has done some of the most important work in clearing up the 
confusion in regard to the various sclerotial diseases of tulips and their 
life histories. 

The appearance of the disease in America was first recorded by Halsted 
(1902) . He had recciveil in 1901, from a grower at f'ape May, New Jerspv 
a diseased specimen, the bulb of which had originally been obtained 
from Holland. He statetl that the disease had also occurred the previous 
season (1902:438). Obviously, therefore, it was introduced directly 
from Holland. 

In a letter to Profes-sor H. H. Whetzel, of Cornell University, Professor 
W. J. Morse, of the Maine A.gricultural Experiment Station, mentions 
some unpublished records of the appearance of the disease at Barrineton, 
Nova Scotia, in 1904, at Cobourg, Ontario, in lOOO, and at Cartine, Maine, 
in 1910. There are also later notes. Profe.ssor Wlietzel and tlu' writer 
have received or collect(‘(l specimens from Amsterd.am, Sassenheiiii, and 
Aalsmeer, in Holland; from Ciermany; from Ithaca, .Mctlraw, (larden 
City, .Jamaica, and Brooklyn, in New York Stat('; frf)m Madi.soii, Wis- 
consin: from Manistee, Michigan: from Washington, 1). C. ; from Belliii!;- 
ham, Washington; and from Ctirthage, Mksouri. There is no doulit 
that the disease is widespread throughout the United State.s and Canada, 
and it probably will be found wherever tulips are grown. 

E tO.\< >.M I < ■ r .M POIIT.V X C E 

There are apparently no exact figures available regarding the ainnunt 
of damage from the Rotrytis blight. Both Hitzema Bos and Klebahn 
speak of the great loss whi<-h this di.sea.se oeciisions tf) both fndd growers 
ami flori't'. In fact, Pitz'’ma Bf).s (19t)3:91) was engaged for a lime by 
a growers’ associ.ation to investigate the disease. 

Eleiikin I19IU reports that in 1911, near .‘^t. Petersburg, PiU'-i.i, ,)h 
per cent of the tulip crop w.is destroyed by this ;ind other tulif) ili-e.ises. 
A collectimi jind obsfTvat ions m;i<le by Whetzel at the New York Bolanieal 
Carden in lOlij show the Botrylis blight to h.ivc been severe there ;il (Irit 
time. Occurrence of the flisea.se i.s na-orded also by Strriit (1913 211), 
and letters .and sjreeimens from Dr. D.avid CrifTiths indic.ate (hat it 
very prev.alent in thr; Fedenil Covernment’.s bulb garden.s at Bellinghaai, 
Wa.'hington, in ]!tl7. 
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In the spring of 1917 the writer observed the disciise in an cpiphytotic 
condition. Most of the tulip tops in the ornamental beds in the Cornell 
University campus wore severely attacked. These were late, or Darwin, 
tulip.s, and counts made on one variety, Spathulata, showed 100 per cent 
of the leaves diseased, of which .33 per cent were strongly itifected and 
ti7 per cent only slightly. Of the stalks, 98 per cenr wore di.sca.scd, 
23 per cent severely and 7.3 per cent slightly. The bulbs all showed 
slight infections, but it is uncertain whether these were infections by 
Botrytis Tuhpne or by Penicillium sp. However, in the variety .Spath- 
ulata 4.() per cent of unmistakable Botrytis lesions were found, and 
ill the variety Mrs. Grover Cleveland, .3.2 per cent. The presence of 
scl(>rotia in these lesions made identification certain. These were prob- 
ahly lesions from the previous yc'ar and they show Iiow small an 
amount of original inoculum is nece.s.sary to produce a severe infec- 
tion on the tulip tops. Accordingly it is impo.ssible to lay too much 
emphasis on the selection of clean bulbs. The writer believes that this 
is the most important di.sease of the' tulip in this country. 


Ml'^rUMS 


On (he hnlbs 

On the hrown outer skin, or husk, of the affected bulbs, .small black 
s' eiolia may frecpiently be found, about 1 millimeter in diameter. They 
app‘'"r also „„ the old, .Iri.ul, flower stalk of th.> pn-vious .season, which 
soiiieiiiue> remains attached to the l.ulb (fig. 22). The removal of this 
l>ipii.\, Ill-own skin often reveals h'sions on the outer, white, bulb scale 
« 11'' 1 might otlu'i-wise have e.scaixul notice. Thes.> lesions vary from deep 
' ' "" '’''*’" '1. usu.-dly circular in outlini-. and have a definite margin 

" iiOi may he sommvhat raised. The central part is ordinarily depresi-ed 
"my have on its surface small black sclerotia (fig. 23). The lesions 
"ii"'' sometimes at the apex of the bulb, .sometimes at the base. 
il„), !.'*.*'* I •xdwi'en. Le:i.s frequently thi' sclerotia may 

Ifsh 's i'Hoiidurity. By removing the outer, 

<■ i'lLT' ' "ill lie .seen that some of the 

is i.ue p(., I, Crated almost to the inner surface. They rarely extend 
mo tlK- scales beneath. 
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‘ t,” t 1 LT <£jy coved wMh «icroiio 

,he Wons »„ the bulbsd«c .0 



u. 

Thib ib , vp,,i;illy true of the incipient lesions wh’fh. i« ^ 

yii'dfiiM found almost impossilile to difTercntiae. hr n, Whtev ^ " 

,1„. Lm indefinite in outline and of a hRhtei_. 


tli( 
'oldl' 
Ull tl 


iiund almost impossible todinercn la • , r ^ lichtev vellow 

col acc more bulcS.utc j;'„t:/£relcn,tiu 

li- ii'unllv niiad iiml uneven, nnd do no . , ' mder favor- 

I The ap,™nec o! pven mol.l. which forms muicr 


' ll Mii'inci'. 1 he apf)e:imncf ui 

'''iiililioMs, is a distinguishing characteristic. 
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Fig. 2 \. i»otrytis hugiit i.esion^^ ov tiie leaves 
Voiini^ h'.sionH. n.'ihiral Hiza 
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On the leaves 

(111 tlie loaves the lesions show first as minute, yellowish spots, some- 
what elongate in the direction of the leaf veins and surrounded by a darker. 




Fio, 25. noTRTTis nLir,iiT i.esion.s on the i.eaves 
I^osions (if a more iulvanecd of development. Oue-h.alf natural .‘size 

'"^'^■tked area. They are slightly .sunken and give the leaf a speekh'd 
• PP'ai.incc. As they enlarge, the areas Ix'come more depressed, the 
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color chanses to a whitish 
pa} with a brownish tinge, 
and a translucent or watcr- 
aoaki'd area appears about 
the ijiargin. At this stage 
the margins of the h'sions 
are (|uite definite (fig. 24). 
Towani tiie center alrundant 
eoiiidii)piiores are often pro- 
(huaai. Under favoraljle 
conditions the lesions enlarge 
still fartlier, coalesce, and 
fre(|U('iitIy involve the entire 
leaf. If a U'sion dev('lops 
towani the l)as(' of a l('af, 
it may cause the? leaf to 
lireak (iv('r. ^Vhen an infec- 
tion takes ])lace on tlie inar- 
fiiii of th(' leaf near the tip, 
tliere n'sults the character- 
istic appearance sliown in 
tigure 2(1. Tliis wrinkling 
and lu'iiding of th(! leaf to 
tine side is due to tlie more 
i.ipiil gi'owth of tile healtlijs 
tissue opposite tlie le.sion. 
(Kleli.alin. 19 ().i'); 4 ). 
botli youngandold lesions 
on tlie .same leaf 
liiat infections take 

plaiv eoniiim,,,,,.].^. (fig. 25). 
llii' Ollier shealliing leaf is 

' ' ^ ‘‘iUacked l)ofore 

'tic Is, ])r()l)al)ly Ix'ing 

" 'i as it ('merges from 
It bends down- 

''^o-nlly is abun- 

' cove,-,,, I conidio- 

Dhoo., 27 ), 



Fkj. 27. A msKAsF.n plant 

Sliowiiig the outer .sheathing leaf infected hy con- 
tact with a lesion .at the tip of the bulb. Note the 
abundance of eonidiophores which give ri.se to 
inoculum for secondary infections. Natural sire 
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On the Jloivcrs 

The lesions on the flowers (Plate XXXIII) are very strikinp;, especially 
on red varieties of tulips. They begin as minute spots, whitish to liaht 
brown, the eolor being blcachetl from the perianth. Those spots arc 


» 



Fio. 28. LB.stOVS OV THE FLOWER 
N:itiir.il size 


evenly distributed over the surface and u>u;tlly show no Fctirli' 
fnietifieation tfig, 28;. ,\fter the lesions enlarge, however, they i an i 
deeper brown and involve the eiitiri' segment (>f the perianth, diidi 
finally becomes dry and wrinkled. At lliis time they show alnaiiliini 
conidiophores. The whole flower may be alTeeted and apiK'ar l)Iwlit"^- 
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Indeed, this blighting may take place when the flower is still in the bud 
and prevent it from opening. Such a typical bud blight is reproduced 
in figure 29. 

On the slnlks 

While the lesions on the stalks are still small, they have much the sime 
appearance as those on the leaves e.xcept that they are more elnu^rHio 
and more depressed. They are of a light brownish color in the cputor, 
and are surrounded by a water-soaked .area. Older lesions near the hasp 
of the stalk appear as dark brown patches and often bear sclcrotia on 
their surfaces, while those higher on the stalk, usually originating in the 
leaf a.xils, are grayish white and are covered with conidiophores Both 
this blanching effect and the conidial layer are well illustrated in 
figure 30. 

The extension of the lesion through the stem causes the latter to wenkci 
at the point of attack and break over. If the le.sion is near the ha^c, 
the whole plant topples over: if it is higher up, the flower droops. 

ETIOLOGY 

Nomenclature 

The tulip disease under discussion is caused by Botrytis Tulipae f Libert) 
comb. riov. A sclerotial form, referred to the form genus Sclomlium by 
Madame Libert, in 1830, belongs to this species. She called it Srh-fulium 
Tulipae and was the first to descrilre it (flrypt, Ard., no. dib. As 
previou.sly mentioned, she apparently did not observe the conidial form. 
Her original de.scription, w'hich the writer ha.s not been able tu >ei', is 
taken from Klebahn (1907:.^; who quotes it as follows: 

Sckrolium Tulipoe, N. Sparsum, adnatum, parvum, ovalL psllide fuscum, laeve, t raum 
nigrum, rugosum, intus album. Ad cauleg, pcricarpia et semina Tulipae 
Auturano. 

In 1836 the species was again designated as Sclerolium Tide/"" !>) 
Weinmann 118.36:647). Sometime between 1811 and 18.39 it vva- oiici. 
more described in connection with an herbarium specimen, Ihi' 
by Westendorp. He called it Sclentium entogenum (Herb. f'ry[d B' lg., 
no. 827), Finally Cavara (1888) described the fungus more compli’tib’ 
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including both the conidial and the sclerotial stages, which he assuinod 
belonged to the same species. His descrij)tion is as follow'S: 

Botrytis parasitica nov. sp. Hyphis cinereis sparsis, ereoti-s, articulo ba.sali inflato; gonidiis 
ovatis, magm's, breviter perlieellatis, in ramuiis minutis, capitatis, umbellatim dispositiv 
hyalinis vel dilute cinerei-s 16-1*0 -x 10-13 p. 

Forma scleroziale. 

SderoHum TuHpae Lib. Haemisphaericum, vel oblongura, nigrum, vix rugo.sum, .super 
ficiale vel immersum, intus albidum 1-1 mm. latum. 

Hab. Ad folia, caules, petala, et capsulas Tulipae Gesnerianae in Horto botanico tirinensi. 

Cavara ("1888 ;432) justifies his de.scripfion of this species as a new one 
on the basis of niocphological differences and also because of it.s .stmi i; 
parasitic action. In his diseu.ssion of nomenclature, he says that Sch nihnm 
Tulipae Terr}’, whicli infects tulips in the south of France, ticconiiiig to 
Saccardo (1888-80,) is probtibly a synon\’m of Sclerotiurn cepivorwn vai 
Tulipae Destn.. tuid perhaps is the same as >V/. repae Desin. Cavara uas 
not able to roni|);irc specimens of Sri. Tulipae Tarry with-Sc/. Tuliptu Ul). 
The writer, how(>ver, had an op[)ortutiity to examine ;i specimen of tho 
former at the herbarium of the New York Botanical ( iarden. This speeiiiien 
consi-sts of three or four .selerotia with no ailhering plant material. Tho 
sclerotia are large, httwever, tind tiro not those of liotnjtift Tulipae (l.ihi 
comb. nov. At tho same place tho author wtis able to see .some of Ihp 
collection of f.'tivtirti (lc-:igntited /{otnjti-i paraaiticn ('iiv., and found it to 
be idcntictil with his own collections. 

Ma.s.soe tl8tl9:383j dosorilio.s tho organi.sm as Sclcrolinia piirnsilae, 
This dcscri[)tion wins not ba.sod on a perfect sttigo and in Ma.s.sce s key 
is placed under (.’onoditd form only known.’’ iSince there is no cvidiiiee 
that the species under consideration is a Sclerotinia, this name not 
valid. Mu.ssee’s de.seription is as follows: 

Sclerotinia parasitica, Massee; Botrytis parasitica, Cavars. Conidiophores grey, wutU’rejl, 
erect, ba.sul joint inflate<i; conidta ohK^vate, large, shortly pedicellate, on short uinlH'llutuj 
arranged branchlet.s, hyaline or tingeil grey, 16-21 x ll>-1.3 a: sclerotia formed in tl" 
chyraa of the host, glob<j^e-depre.ssecl, stnwth, greyi.sh, then black, 2-3 mm. diam., .■'Oiintinies 
numerous, and forming black cru.st.s. 

Botryti.s on leaves, stem, and flowers of cultivated tulips: sclerotia more espei ' ‘hj 
the bulbs. 

Dislr. Holland, Britain. 

A consideration of these facts has led to the following desigmdmii of 
the species: 



The Botryti.s Blight of Tulips 


331 


Botniti^ TuUpae (Libei'tj comb. nov. 

Si-h'riiluim Tulipae Lib, Crypt. .Yrd., no, 36. 1.8.30. 

Sclfiulium Tulipae Weinn. Hyrn. Ross., p. 647. 1836. 

Scli'ratium enlogenum. West. Herb, crypt. Belg., no. 827. 1841-1859. 

Bcilnihs parasitica Cav. Appunti die Pathologia Vegetale. 1st. Bot. R. L'niv Pavia 
Am 2 I 432. 1.88,8. 

Bderotinia parasitica Massee. A text book of plant diseases, p. 383. 1899. 


Bulnjtis Tulipae (Libert) comb. nov. may be briefly described as follows: 

^Ivcclium variable in diameter, often ana.stomosing, branches not 
constricted at the base; conidiophores arising directly from the mycelium, 
erect, brown in color, proliferating, twisting on their axils when dry, 
sliahtly swollen at the base; branches of conidiophore arising at an angle 
of about iiO degrees, dichotomous, not streptiform, apices swollen; conidia 
larjie, 12-24 x 10-20 n, obovate, raddish brown in ma.ss; microscopically 
gray to hyaline, smooth with a .short stalk, often or commonly not remaining 
attached: sclerotia at first white, finally black, small. 1-2 millimeters in 
diameter, circular or somewhat elliptical in outline, flattened vertically 
and often convex. ^licroconidia globose, about 3 g in diameter, occurring 
on special penicillate, obclavate conidioiihores arising in white tufts from 
the substratum ffig. 40) Parasitic on Tulipa spp. 

Ca\ara (l.S, 88:432) says that Sclcrotium entotjoiuni West, develops on 
the stalk.s of asparagus and does not differ greatly from S'ef. TuUpae 
Lib.: he says, moreover, that Westendorp thinks Sdcroiium entogenum 
^\cst. should be regarded as the type of the species. Sclcrotium Tuliparum 
Klebahn is a species which must not be confused with Potrytis Tulipae. 
It is a larg(>, sclerotial form with which no conidial stage has yet been 
connecti'd. 


4 lie sppcips must, therefore, still lx* cla.ssified among the Hyohomycetes 
of the I ungi Imperfecti. It is placed there by Lindau (1900:435) in the 
su igrouj) f^Iucedinaceae-Hyalosporae-Botrytideae. 

Klfb.din (19(41:21), from his studies on li. Tulipae, seems certain of 
0 foiiiK'ction of the sclerotia occurring on the tulip bulbs with the 
mmini.d foiin on (he leaves. However, as he did not use pure-culture 
^ ' '* •‘'oenied desirable to clear up this point. Pure cultures were 

coi"' r ' "’'■'for from the sclerotia occurring on the bulb and from 

and of the same tulip plant. These cultures were identical, 

conid" ' " '"oculati'd into sterilized tulip leaves both produced normal 
I I ,md sclerotia. Both also caused infection of healthy tulip plants. 
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Morphology 

The mycelium shows no peculiar characteristics. It varies in diainctpr 
depending on the conditions under wliich it lives. The branches are not 

constricted where thcv join 
the parent hypha. Atia.vte- 
mosing is frequent ihg. 31), 
The conidi- 
ophorcs, 
when ma- 
ture, are 
deeplirown 
in color ex- 
cept near 
the base, 
where they 
are hyaline. 

They are 
imletermi- 
n a t e in 
length, for 
under fa- 
vor a 1) 1 e 
conditions, after 
forming one head A 
of comdiii lermi- „f 

naIly,thornairi axis conidia dij< 

may proliferate twi.stinR nf t!.' saft 
and form another whun dry. .a- both 

headffig..'jO). IhlS Jueida drawmi: 
may be repeated 
until finally there are sever.il clut'- 
ters of conidia on a .single cotifliO' 
phore tfig. 32J. It should be I' liicni' 
licrcfl that although some 
clusters appear to be later.il, d'A 
are really formed terniinall.' " 


Fig. .31. mtcblicm of botrvtis tcupae. X e,00 

Type of braneldng and anaatomosing of the hyphae 
fCamera-lucida drawingi 


Fig. S'J. i omoio- 

PHORE or wirRvri' 
TI’LIPAE ■ bi 




V- 


Fig. .3.3. swollf-.v bases of i omdiophobf.s 

OF BOTRVTIS TIT.IPAE, X tiOO 
f Camera-1 ucida drawing) 
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(ji-v, the conidiophore is 
tiattciKMl and twisted on 
its axis, and is slightly 
sm)ll'nattheb:ise(fig-33). 

Till' branches of the 
coniili'iplinre ri.se from the 
main ^t;llk at an angle of 
abmil tiO degrees, and their 
ultiinalc ends, wliieh bear 
the ciiiiidia, are .somewhat 
swollen. Tlie conidia are 
pi'oilueed on the.se swollen 
emb by a inishing out of 
tile protoplasm in a bud- 



FlC. 34. ATTACHMENT OF CONIDIA OP BOTRYTIS 
TCUPAE. X GOO 

Ciiiiicra-luoill.T outline of conidia shown in fig. 35. 
Proliferation of the conidiophore h.as taken place after 
the formation of conidia on the head. 


lik(' manner, but they 

shovily a-suiiK' a definite shape. When mature, tliey remain attached 
1.1V 'lii.)ri sterigmata (fig.s. 34 and 3-')). \ tirions ."tages of conidial formation 



I'ln. 3.5. ATTACIIME.NT OP CO.VIDIA OF BOTRYTIS Tl'I.IPAE. X ^40 
o"ic the short sterigma. These conidia are mature. (Photomicrograph) 
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arc shown in figures 36 and 37d Usually young eonidiophores were t lio.ip„ 
for study because of the firmer attaehinent of the conidia. The prepa. 
ration of the mounts required eonsiderable patienee because of the delicate 
attachment of the conidia, and oftentimes many mounts were prepared 
before one was obtained which showed clearly the details of stnicture, 
When young, the conidia are hyaline, but as they mature they .issuine, 
in mass, a brownish color. Microscopical examination shows that inest 

of this color is in the spore 
wall. The conidia are oImj. 
vate, and when slied, the 
short sterigmata may soiiie- 
fimes be seen still atlarlied 
to the spores. 

The conidia vary eon- 
siih'rably in lengtli and to:i 
less extf'nt in width, Imt 
tins variation does not de- 
part greatly from a mean 
which is more or le.ss con- 
stant. This is shown gi'aphic- 
ally in figure 3S, wliicli 
represents the inea.Mire- 
menls of (jiiC lutndred spores 
( )ne curve expres.^es t he vari- 
ation of the sjiore length 
and the other that of fhf 
s|)ore width. 

The spores measured were from single-s[)ore, cultures and developed on 
sterilized tulip leavras in petri dishes, .\bundant eonidial fructifications 
were formed whieh were practically idiuific.al in appearance with those 
occurring in nature. They were rnountral in the mounting fluid pn liou.T 
described’ and were measurcsl under the oil-immersion h " 



FlO. .31). DEVELOPME.ST OE CONIDIA OF UOTKVTIS 
TCI.IPAE. X litJO 

Illustrating the bud-tike manner of Iheir formation. 
(Carnera-lucida drawing' 


hv 


* In Htufiying Ih*. i\i Cnl of fhe ( oiii'lifipletr*., Ilie tinienf ■>! tlif. eotiwti'i, “ji'cf.e ' ’ ' ^ 

were obtiiirifd tiv fjr-f .-el'lirjii le the iit.ah n;ii f,ri Itie -li(|e a 'Iron of 70-[»t.r~< t.iit ill' I't "'*0' ' " 

the tonifli'jphor' -I rapi'llv 1 he material wan lla-ti fhai'h'l irnmi.'tiaU iy with a iiHtiliitniC 10' ; ,|i(i 

hy riiixi/ig e'l'ial cartu of Z-i" r-ei i,t fmt;ia.ii(]m aei.lati m wal'.r iiiiit in-,.M.r r.(.iit glyeenn ,',i Iti- 

th'.fi a'l'ling a tra". of eopr^-r ae,.tat<- The exu.a'i iiirMiiiliog Ihii'l was remove'! with fill'T Cp' ’ * , p,,r. 
moimt '.ov'.rfel with a "iv'-r ghiai .S.i' h iii'icit'i ke'.p vt ry w'i.|l, 'hi not 'try nut, aii'l m-'O S. '.'I 
manently when nrigtxl with haUam '>r g'lM eize 
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mp:in« of camera-lucida drawings. One hundred .spores were outlined 
and tlu outlines measured with a millimeter rule. The error in mea.suring 
was cak'ulated to be less than 2 per eent. (Dn the basis of these measure- 
ments the average limits of variation may be placed at 12-24 x 10-20 /x. 

These figures do not show the dis- 
tribution of the spores within these 
limits. From figure 38, however, it 
is apparent that the greater number 
have a length of 16-17 // and a 
width of 9-10 g. These measurements 
were checked with those of spores 
from another culture derived from a 



different locality. Measurements made 
of the spores of a large numlier of 
Botrytis si)ecimens seem to show th:it 
one hundred conidia suffice to establi.sh 
the mode for a given species. 

The sclerotia as foianed in a petri- 
di.'h culture, (fig. 39) an' at first white, 
aiidlatei', a shiny Idack. 'Tliey ar<‘ cir- 
cular, elliptical, or somewhat irregular 
in outline, flattened V('rlieally, and 
often sliglitly convex. 'Tliey might be di 
Ordinarily the sclerotia are about oik' 
may be considerably alTeeted by the a 
subjected. 



Fig .37 dkvei.opmkn't of comdi.i. of 
UorRVTl-, TCI.IP.KK X iWU 

Mai ure cemilM . ( ( 'a iiu-r.-i-KicuLi drawing) 

veribed by ih<' term ’ loaf-shaiied." 
millimeti'r in diameti'r. Their size 
mount of drying to which they are 


Grown, rhysiolof,,, 

I’lotiytis^ Tuhpnc grows very readily on the various kimls of media, 
It 1 liquid and solid, on which it has bei'ii jilanted. In the writer's 
cxpfriinciital work the commonest ini'dium employed was potato-dextrose 
^f-ar. Oil (||j^ fungus makes a rapid. Huffy myceliid growth, which 
bcij'i * *""**'^ appressed to the surface of the agar and the sclerotia then 
nivc('/'i* ^ f are vi'ry numerous and are imbi'dded in a tough, 

iniiti'' which covers the surfaia' of Ihi' substratum. .\s 

cull I “"***''' Gotddin production, conidia an> rarely formed in such 
^ Moreover, there is scarcely any color production in this medium. 
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It is of httle importance to describe at length the growth on other 
media: sucrose is utilized as a source of carbon apparently as successfully 
as giucos,.; on a glucose solution, without mineral nutrition, the growth 
IS very poor : on p am agar and water the growth is sparse and the mv celium 
tends to spread; but on agar containing a mineral-nutrient solution with 



Tor,. ,10. SCLEROTIA OF BOTHYTIS TI UPAE 
As formed in a pcfri-dml, ei,|(ure on potato aftar. Natural size 
Ho flf 1 

licit on Z7' T 

llic m- i,Le KfT-'*'-- This iiHlicatcs that the carbohydrates 

"'"''111 is pLr ' '•'^ou'-ee. 

1 ii'ow 1)1 I t , ■ 

'itt'ii nri.l,, I ?” '’■'I ainl. although no experiments have 

itdmmnc the range of acidity, good development has 
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always been observed when the aeklity was approximately +20 accoiding 
to Fuller's scale. Perhaps the ran{>;o is as wide as that determiiu'd by 
Munn (1917:407-108) for the growth of Bolrytis Allii. 

Conidia production 

Although conitlia are produced aliundantly in natui'e on tulij) Icavp.s, 
in agar culture under the ordinary’ laboratory conditions they nireh 
appear. The fungus tends rather to form sclerotia. However, early in 
1917 the writer ob.served for the first time that conidia had formed uiidpr 
these conditions when some conidiophores developed in five petii-didi 
cultures. It should tie noted that these conidia wen' jiroduced without 
any special treatment, and that, although they were produced once nr 
twice afterward, this is rather unusual under the conditions obtainiiij; 
in ordinary culture vessels. 

On March 17, 1917, sterilized tulij) leaves in large test tubes, 20 x 2..5 
centimeters in size were inoculated with cultun's of three dilh'rent strains 
in fluplicate. In two of thc'C strains a fiulTy mycelium soon developed, 
which spread along the leaves. After abottt t('ti days coiiiiiiophon's began 
to develop, usually towtird the top of thi' culture, and by March 31 there 
was an abundtuit development of conidioiihon's close to thi' surface of 
the leaves just beyond the aerial mycelium tis well as on th(' mycelium 
itself. The coiddia produced were able to cause infi'ction in healthy 
tulips. This experiment was repeat(‘d on April 27, 1917, and the cultures 
were observed daily in order to not(> tlu' first appearanci' of the coni, he 
This occurred in five cultures on May 8. 

Some time later, Profes.^or Whetzel suggested that a partial drying of 
the plate cultures, after a good growth of mycelium Irwl startl'd, might 
profluce conidia. d'his ex[M‘riment was accordingly jierformed, and the 
partial drying was accomplishi'd by so placing the petri-ilish cover as to 
expejse part of the agar surface, thus [lermitting more rapid evapmation. 
The petri dishes were usually left overnight in a dust-free chanibci' 
were tightly covercrl again the next morning. Conidia wi're in this wav pm- 
duced successfully in a large number of insttinces, not only from B- I '///"'r, 
but also from other Hot ry tis species which do not readily fruit in ciillun 
Oh halves of sterilized tulip bulbs iti petri dishes the fungus ' 'I'" 
found to fruit abundantly There seems to Ire a relation between cnnii w 
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protiuction and the relative humidity over the culture, or, to state it more 
coiR'i^oly, a relation between the rate of evaporation and conidial pro- 
duction. 

There is, perhaps, something inherent in the nature of the host tissue 
which makes it an especially good substratum for the production of 
coniilia; Init it is more likely that the fungus finds in such cultures more 
variation in the moisture relations. This would explain why, in the 
experiiiKMits with sterilized tulip leaves, the conidia were not produced 
uniformly throughout the culture but only on a limited area toward the 
top of the culture tube, where the moisture relations were presumably 
nw^t favorable. 


Di-‘<^^Ltnl tuition of conidia 

The peculiar twisting of the conidiophores, already mentioned, is 
thought to have soiik' relation to the dissemination of the conidia. In 
the first place, tlu' conidia fall away very readily. This becomes obvious 
when an atteinjit is made to mount conidiophores bearing conidia in a 
liquid medium or if a coiudiojihore is jarred slightly. Secondly, the 
coniiliopliores are veuw hygroscopic, and a small change in the atmospheric 
moisture will cause them to twist with considerable violence and frequently 
even to dislodge' the conidia. This phenemenon can be easily ob.served 
in this anu in other Botrytis species by placing the specimen under a 
hinocular microscope. Merely breathing on it gently .suffices to produce 
these contortions. It may be concludetl that in nattire. owing to the 
fivquent cliaiigcs in humidity that occur, conidia arc commonly dislodged 
m thi> manner and carried off by air currents. 

Th(' conidia are usually wind-borne. The writer has found that 
uiociilations with conidia are l)est made l)y either blowing or dusting 
them (in the host plants and subsequently spraying water on them with 
tin atdinizer. 


Patiwijcnirilij 

T ill’ pathogenicity of Rotri/tix T nlipac was first demonstrated by Klebahn 

(1.10.) (,| inoculated tulip Imlbs with .sclerotia from a pure culture. 

How. ■Via, 1 h> 

th(' 


a pure 

apjx'ars not to have done much exact inoculation work, 
exception of the exiieriment cited, did not use pure cultures 

infection tests, 


\\ i 


The writer dws not consider that Ritzema Bos 
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(1903a:24) demonstrated the pathogenicity of the organism by his investi- 
gations, for he did not use pure-culture methods, but merely de\ el()pp(i 
Botrytis conidia on leaves in moist chambers and then dusted the couidia 
on sliced bulbs, causing the bulbs thus treated to decay. 

Experimental methods 

The writer made isolations of the fungus from material obtained from 
many localities in Holland, Germany, England, Canada, and the rnited 
States. These isolations were made both from dry specimens (for it was 
found that the fungus would retain its vitality for a long time without 
moisture) and from recently infected plants. Moreover, they were made 
from sclerotia, mycelium, and conidia from various parts of the host — 
bulbs, stalks, leaves, buds, perianth, and stamens. 

Although Klebahn (190.5:12) found it difficult to obtain pure cultures 
from the sclerotia, the writer has experienced little difficulty in isolating 
from sclerotia by the following method: The sclerotium is rubbed free 
from all adhering material with a clean piece of cheesecloth, and is dipped 
for instant in 95-per-cent alcohol to remove the surface film of air, that is 
to wet the surface. It is then placed in a 1 : 1000 mercuric-chloride solution 
for about thirty .seconds, after which it is quickly removed with sterilized 
forceps and placed in a drop sterilized water in a sterilized petri dish 
To thoroughly remove the mercuric chloride, the sclerotium is then rinsed 
in several successive drops of sterilizeil water in the same petii dish 
Usually six washings are sufficient. The sclerotium, thus prei)aiM!, ^ 
cut into four pieces and planted on a poured plate of potato-<lextio?t 
agar. The whole operation should not take more than five minutes The 
writer has u.sed this methwl in isolating .several hundred Botr>'tis speeiuiens 
as well as specimens of other fungi, and rarely has a contamination oi i urred 

Fungi may Ire i.«olated from leaf tissue in this way if care is taken not 
to leave the material too long in the alcohol. In thcs.e experimeni' the 
mycelium was usually isolate*! from the leaf tissue and the stems bj 
cleaning the epidermis with alcohol and then peeling it back, or often, 
when u.sing stems and bulbs, by breaking or splitting them open >o as to 
expo.se an uncontaminate*! surface. Small parts of the diseas*'d ti>sue 
wore then picked out with a sterilized, sharp-pointed scalpel and I'hm e* 
in agar. 



The Botrytis Blight of Tulips 


341 


('oiiidia were isolated in several ways. Sometimes they were blown 
over tli<‘ surface of the agar from the bent end of a platinum needle. The 
needle was attached to a piece of glass tubing which served as a blowpipe. 
The tendency at first was to gather too many spores on the needle, but 
with piactice a sparse sowing was readily made and transfers were then 
obtaiiu'd from the resulting colonies. Another method was to pick off, 
with sharp-pointed forceps, a single conidiophore, under a binocular 
inieros'ope if possible, and then touch it to an agar plate in several places. 
Pure cultures usually resulted from some of these plantings, and often 
all the cultures were pure. 

Pure line cultures were obtained in two ways; first, by planting the 
fungus on a poured plate of plain agar and water, which caused the 
mycelium to spread out in its growth so that a single mycelial tip could 
be narked under the low power, cut off, and transferred; secondly, by 
the isolation of a single spore. In the latter method, which was the one 
most frecpiently employed, care w.as necessary lest more than a single 
spore should be obtained. A thin layer of agar containing a few conidia 
was poured into a petri dish and the .spores were allowed to germinate 
slightly, .\fter a conidium was marked and transferred to a poured 
plate, a microscopical examination was alw.ws made to ascertain positively 
that not more than one spore had been nit out. The growth of the.se 

C'ultums on potato agar is characteristic and is described under Physiology 

fp.age 

Bmli mycelium and conidia^ were used as inoculum. The mycelium 
inoculum wa.s prepared by growing the fungus in a petri-dish culture 
until the colony had reached the size of an inch or so in diameter. Small 
cubes (it n^ar containing mycelium were then cut with a sterile scalpel 
lom the edge of the colony and placed on the plant part to be inoculated, 
|ut 1 the side containing the mycelium again.st the host. To prevent 
in()( Ilium from drying out, the plants were either placed in a large, 
^oivt (h.iiiihor or covered with a liell glass or a lamp chimney. When 
1 w.i. doiied to injure the inoculated parts, thus was done by pricking 
1 ‘^ti III, ^harp-pointed scalpel through the agar block into the host tissue, 
s <^onidia, difficulty was at first experienced in attempting to 

I If |)lants with spore suspensions in water. No infections resulted. 
ul,\ mentioned, this is explained by the fact that the conidia are 
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not readily wet with water and consequently the water sprayed contaiuod 
but few conidia in suspension. This was demonstrated by a microscopic^] 
examination of the drops on a slide sprayed with the suspension. tVir 
few spores were found, and hence the chances for infection were slight 
Since this method was unsatisfactory, an attc'inpt was made to sccun. 
infection by dusting the conidia on with a camel's-hair brush. Thi-^ 
proved to be verA’ succe.s.sful, and abundant infection resulted, both on 
dormant bulbs and on growing tulip plants. Plants inoculated in this 
manner were sprayed with sterile water from an atomizer and kept 
moist overnight. 

Reifults of inoculations 

The results obtained from inoculating dormant tulip bulbs with 
mycelium are shown in table 1. From this table it is clear that tho 
dormant bulbs must be injured at the point of inoculation in order that 


TABLE 1. Results from Inoculating Dormant Tulip Bulbs with Mtcelhm 


Culture 

1 

Number of hulb.s 
inoculated 

Number of bull> 
infected 

Injured 

1 

Tninjured 

! 

Injured 

I'ninjured 

B. 208 . . 

4 

•> 

4 

0 

B. lft.3... 

•> 

i 

2 

fl 

B. 112 

♦ 2 

1 

o 

0 

B. 140. . . 

2 

1 

2 1 

0 

B. X\ II 

2 

1 

2 ' 

0 

B. XXVII 

2 

1 

2 

0 

B. XXXII . 

2 

1 

2 

0 

Total 

! >'■' 

. 8 

Hi 

0 


•The arahic nurnfral-s represent cuItnreH from rlonieHfir Hf>urr*#-8, an«I th»* roman nunn'ral- 
foreign origin. 


mycelium may infect them. Briefly stated, the entire sixteen <>f 
dormant bulbs which harl Ireen injured were infected by the inocnlafi™. 
whereas none of the eight uninjurerl bulbs were thus affected. •In thP 
other hanfl, when ten bulbs were inoculated just after the flow is h.Mi 
been cut, all became infected, although only five were previously injnicd- 
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A suinnmry of tho rosults olifainod from inoculating tulip stems with 
mycelium appears in table 2. From this tabic it is evident that the tulip 
stciim inoculated with twelve different cultures of Botrytis Tidipae, five 


TABLE 


Results from Inoculating Tulip Stems with MYCELiUi 


Culture* 


Number of sterns 
inoculated 


Number of stems 
infected 



1 

Injured 

1 ninjured 

Injured 

L'ninjured 

B. 2'IS 

.1 

3 

3 

3 

B XX VH 

4 

5 

4 

3 

B XXV 

4 


0 

9 

B. XXVI 

4 

5 

4 


B xvn 

4 


4 


B. XXXII 

4 

0 

4 

0 

B, 112 

3 

3 

3 

9 

B, ltd 

3 

3 

3 

3 

B 14(1 

3 

3 

3 

3 

B, 150 

3 

3 

3 

3 

B, io:i 

B 414 

4 

1 

o 

2 

4 

1 

5 

1 

Total 

10 

47 

3s 

40 


tinigll nnKii’i" ’'‘■rr' -ci.t t tilitiri'- from domc-ti. Miurr and tim roman numerals, tlmse of 

TAHI.L .i Results i-rom Inoculating Tulip Leaves with Mycelium 


B XX\I 
B. X.W 
B XWi 
B. X\ II 
B X.W I 
B K,:; 

B til 


Culture* 

XuinIxT of leaves 
inoruhitotl 

1 

Number of leaves 
infected 


1 

i [njun^i 

Uninjured 

Injured 

Uninjured 


1 1 

•) 

1 

0 



‘> 

1 

2 



■> 

1 

9 

j 

1 

2 

1 

9 


1 

o 

1 

9 


1 

>> 

1 

* 9 


1 

■> 

1 

1 


7 

1 1 

( 

11 


imriicrals repreaent culturrs from .lomca 


•fitic sourcoH, and tho roman 
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from foreign sources and seven from domestic, showed thirty-eight in- 
fections out of fortj' when pricked with a needle after inoculation, and 
fort}' out of forty-seven when not injured in this way. 

A summaiT of the results obtained from inoculating tulip leavr> with 
mycelium is given in table 3. All seven leaves showed infections when 
inoculated and injured; of the uninjured leaves, eleven out of fourteen 
showed infections. 

Tulip flowers were inoculated with mycelium, with results as given in 
table 4. The tulip flowers, like the leaves, were all seven infected when an 
injun.' was made at the point of inoculation. Out of fourteen not so 
injured after inoculation, twelve showed infections. 


TABLE 4. Re.'Ults from Inocclating Tilip Flowers with Mycelilm 


Culture* 

X'umber of flowers 
inoculated 

Number of fiower? 
infertt’d 

Injured 

I’ninjurcd 

Injured I lunjurfd 

B. xxvn 

1 

2 

1 1 

B. XXV 

1 

2 

1 2 

B. XXVI 

1 

2 

1 

B. xvn 

1 

2 

1 

B, XXXII 

1 

2 

* I 

B, 10.3 

1 

2 


B, 414 


2 

1 1 

Total 

7 

1 1 

7 


* Th'"- arahic* nurrif ral-i rfprr-v-nt from <]oni«*Hti‘* am! th»‘ rt>inan n'Hner;il 

for» ign origin 


It should not be deduced that the lower proportion of iniectiDii' m 
the uninjured leaves, .stems, and flowers wa.s owing to the inalnlit) of 
the fungus to penetrate uninjured tissue. The writer attributes ii latl'*' 
to experimental error; for the inoculum was more likely to l)c l"s( oi 
dried out before infection had opportunity to take place than "I"'" 
was placed at once in .such intirnatc contact with the host tissue is 
the case when the latter was injured. 

On April 3, 1917, six flomiaiit bulbs were dusted with conidi i liooi 
a pure culture of .strain B. XXVH, and by April 25 five of tin ' 
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strongly infected and some showed aerial mycelium arising from the lesions. 
On April 18, 1917, ten, clean, dormant bulbs were inoculated in the same 
manner with conidia from a culture of strain B. XXVII. In several 
(Iav<. nine of these showed numerous spots or streaks, varying in color 
fidin yellow to brown, where the conidia had been sown. 

On March 30, 1917, at 5 p. m., four tulip leaves were dusted with conidia 
from a pure culture and the following morning at nine o’clock small water- 
soaki'd spots had appeared, a microscopical examination of the epidermis 
of which showed that the conidia had germinated and had penetrated 
the cuticle. On April 2 these spots showed a rusty color and were sur- 
counded by translucent, water-soaked areas. 

On .Ipril 1, 1917, at 4 ji. m., three tulip plants in pots were inoculated 
with conirlia of strain B. XX\'II and placed under a large bell glass. 

( In .Ipi'il 2, at 9 j). m., all had developed a considerable number of infections, 
a.« .diown by tlie large numl)er of .small, yellow spots. These spots later 
liccdinc larger and of a somewhat reddish ca.st. About five days later 
the plants were severely diseased and .showed a m 3 ’celial growth on the 
leaf Mirf;ico. Al)out sev'cn da.vs thereafter conidia were formed. On 
.4pi'il 12 some sclerotia were noted in the leaf ti.s.suc. 

On April 1.3, 1917, eight tulip plants were inoculated with conidia of 
strain 11 .WWII and placed in a large moi.st chamber. On April 16 
all showed numerous yellow-to-reddish .sjxits on the halves. few similar 
spots appc.'ired on the .stems. By April 18, the .small spots had coalesced 
and appi'ared as large, reddish lesions, some of ivhich were covered with 
iibuii'.huit conidiophores. 

Ihr inoculations with coiddia are summarized in table 5. The plants 
"ere not mechanically injured at the lime of inoculation. 


TABI.I. .1 liFsrl.TS FROM I.VOCULATINO t^NINJl RED Tci.IP P1..INTS WITH CoNlDIA 


Kxpir iiii.ut 

Culture 

1 

1 Plant part 

Number 

inoculated 

Number 

infected 

I'l 

Is 

B. X.XVII 

1 Bulb (dormant) . 

6 

5 

11 

l.'l 

li. XXVII 

1 Bulb (dormant) . 

10 

9 

H. X.XVII 

I..eaves (detarhcHl) 

4 

4 

17 i 

B. XXVII 


:) 

3 


B. XXVII 

j Tops 

s 

.S 
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In using mycelium as inoculum on the leaves and the stems, the lesions 
after a short time, become as typical as those of the same age produced 
in nature. In the beginning, however, although they show the char- 
acteristic j-ellowing, they are not exactly like natural lesions, for thev 
assume the shape of the agar block used in the inoculation. As the inh'ction 
spreads, the region about the inoculum becomes water-soaked, then 
depressed, and finally dried out. At the last stage, the lesion as.suines 



a dull gray color and produce S fluffy 
mycelium and sometimes also a co- 
nidial layer. The lesions teinl to 
elongate in the direction of the .stem 
and the leaf. If an inoculation is 
nuule on the edge of a young leaf 
near the tij), the ])('culiar twisting 
described on page 323, under the 
heading Si/m ptorn , results, The 
whole ])lant top may be involvolasa 
result of suiTi an inoculation dig 42i. 
(in thedormant bulbs, also, tlK'le-inns 
are tyijical (fig. 41 ) with a dark hrown, 
shiny surface. In using conidia as 
ii;oeuluiij, the lesicjiis are typical from 
the stall and are e.ssentiallv as de- 


FiG, 10. .\IIf ROf OMDI\ OF BOTBYTI.'i 
TULIPAE. X WXJ 


scribed on pages 319 to .328, 

^^'ith but few exceptiois, v.hen in- 


(Caiaera-lucida drawing) was po.sitive, tic- fungus m 

the.se ex|)eriments was i-e-i.'-ol.iled m 
pure culture by one of the Isolation proces.se.s desi-ribed under .'/d/»eh, 
and checked identically with the original cdlture. Usually the ti-'sue 


planting method wa.s the one employed. 

In order to determine the range of para.sitism of this specie-, a 
siderable number of experiments wc-re made on both closely relnod an 
distantly related plants to find out wln-ther liolnjlis Tulip<i>' i- nhh to 


infect them. . 

T'he gener.-d results of these experiments aiipear in table 0. f - d.un 


the.se, however, should be di.scus.sed more fully. 
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table 6. Results of Inoculation on Various Hosts from Inoculating Plants 
Xearlt and Distantly Related to the Tulip 


plant 

Inoculum 

Number inoculated 

Number infected 

Injured 

Uninjured 

Injured 

Uninjured 

Lilv of the valley 

Mycelium . . 

14 

0 

0 


Onion (leaves) 

Mycelium . . . 

3 

3 

3 

0 


Mycelium . . 

16 

1 

0 

0 

Onion f stems) 

Mycelium . . 

2 

0 

0 


hlnim sp. 

Mycelium . . 

6 

6 

0 

0 

Xarossu? (leaves' 

Mycelium .... 

11 

11 

11 

0 

Narci'^‘'Ufe (leaves) 

Conidia . . 

0 

o 


0 

Narcissus (stems) 

Mycelium . . 

3 

3 

3 

0 

Hcacmth (leaves) 

Conidia . 

0 

5 


0 

Crocus (tops) 

Mycelium . . 

7 

7 

7 

0 

Crocus (bulbs) 

Mycelium.. 

5 

5 

0 

1 

Gladiolus 

Mvcclium . . 

10 

0 

0 


Peonv 

Mycelium . . 

19 

0 

3 


Potato 

Mycelium. . 

21 

0 

0 


Golden seal 

Mycelium. . 

6 

0 

0 



From (i. tlio relation of B. 

TuhiHu to certain plants is evident: 
it is not able to attack at all tlu' lily 
nf the valley, the lily, th(' filadiolus, 
the jiotato, or tlu' goldmiseal, and, 
probably, not the peony. However, 
this relation will be made clearer by 
a (lisens>i()n of certain observations 
made (luiin(r attempts to cause 
infection on these jilants. 

I nijcHliilion of onion . — Lmives and 
stalks of onion plants were inoculated 
"ith three difh'rcnt cultures, one of 
tlmse a typical culture of B. Tulipac. 
In thoM' plants that were injured at 
the time of inoculation, stronji infec- 
tmn took plac(' on the leaves but 
mau (,i c\|i i',.|i stems. On the 

I*.'""''”'*''' I’hants there was no infec- 
as cheeks, other plants 
'Pfe iiiocnlated at the same time with 



Fia. 41. RESULT OP artificial inoculation 
Lesion on dormant bulb. The bulb 
was injured at the point of inoculation. 
Natur^ size 
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mycelium from a culture of the onion Botiytis, B. Allii Munn, and with 
a large sclerotial form of Botrytis from .tulips — not B. Tulipac. Fmm 
both of these inoculations a strong infection resulted on the leaves and 
slight infection on the stem, in the uninjured as well as the injured 

plants. A similar experi- 
ment with mycelium from 
/ m cultures was tried 

on onion bulbs, and here 
B. Tulipae produced nn in- 
fection, while the otlicr two 
j species produced a strong 

/ ^ infection, but only on the 

injured bulbs. It is inter- 
esting to note here that on 
the uninjured bulb.- inneu- 
latctl with B. T uli/xic, poeul- 
' iar depressions ai)pe:irod in 

the bulb scale that at fir.-t 


seemed to be slight infei'- 
tions. However, microscop- 
ical e.xamination showed 
that the mycelial threads 
had not penetrated They 
were merely supiuficial. 
Nevertheless, beneath the 
mycelium some epidermal 
cells and other deeper-lying 
cells had been killed. Mi- 
croscopical seelioim of the 
Fig. 42. result of ARxinaAL inoculation injured bulbsshouodmy- 

The whole top is involved. Natural size celium in the |)miotiirPS 

made by the .scalpel. It had not, however, penetrated laterally iot<i th*' 
tissue, although some of this tis.sue had lx*en killed. 

Inoculation of mircisms . — The result obtained on the narci' us was 
similar to that on the onion: strong infections appeared on tic Ica'er 
and slight ones on the stems when the inoculation was pcrfonned on 
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mechaiiii ally injured plants. Uninjured plants' were not infected. When 
(Oiiidia were used to inoculate narcissus, there was no sign of resultant 
injuiy, and microscopical examination of the epidermis showed the conidia 
to be pn'sent but not germinated. 

Inoculation of hyacinth . — Detached hyacinth leaves were inoculated 
with conidia from pure culture. On the fifth day after inoculation, small, 
yi'ilowish. tlepressed spots appeared. Microscopical examination of these 
spots sliowed an abundance of germinated conidia but no penetration of 
the epid('nnis by their germ tubes. Moreover, the tissue beneath the 
epuli'i'ini^ showed no mycelium. 

Inociilalion of crocus . — Slight infections W'ere caused on mechanically 
injured croeus leaves by mycelium of B. Tulipae, but no infection occurred 
on uninjun'd loaves. A large sclerotial Botrytis from tulip caused no 
infcctiuii in either case. Very slight infections were produced on the 
papery scales of crocus bulbs. On injured bulbs, all the five inoculated 
were infcet('d; on uninjured bulbs, only one out of five was infected. 
Microscopical scction.s of these lesions showed mycelium ramifying through 
the tiss\ie, and disintegration of the cells was observed. 


Dhicii.^-.^ion Ilf parcLsitism 

It i-; evident from these pathogenicity experiments that B. Tulipae 
IS practically ivst rioted to tulips. Although under certain conditions it 
attacks some closely related plants, even such infection occurs, almost 
iinariahiv. only when there is an injury made at the point of inoculation. 
Fuith('rniore, a large number of injured plants failed to become infected. 
Mheii Wi' consider the ease with which the tulip may Iw infected, whether 
jajicliuni or conidia be used as inoculum and whether the host plant 
' injured or uninjured, these apparent exceptions only make more evident 
^ i( sti i( I (.(1 parasitism. Indeed the writer believes that in those instances 
that ^ reported on other hosts, if the fungus were really 

On iiif^’ction took place on an injured part of the host plant, 

f 1 , hand, the pathogene shows gradation in parasitism in its 

are 1 lo invade plants other than its normal host. First, there 

"hich crocus, on which are produced only slight infections 
'. '* “’h spread. Next, there are plants such as the narcissus and 
' oil which the conidia do not even germinate and infection 
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by mycelium can begin only at an injured place. Again, there are plant, 
such as the hyacinth, on which the conidia will germinate and caihp 
local injury, without actually invading the plant. Finally, there is tlu^ 
tulip, in the case of which infections take place easily on uninjured jjlant. 

While this series is too incomplete to be conclusive, the tendency slio«ii 
is clear, and further experiments in this direction would probably furiiisli 
additional evidence of the very limited range of the parasitism of B. 
Tulipae. 

Life history 

Primary inoculation and infection 

The fungus survives the dormant period of the bulb as mycelium nr 
sclerotia and is planted with it in the fall. When the bulb starts intn 
activity in the spring, the fungus starts also and sometimes sprcail 
throughout the entire outer scale of the bulb. If the original infection 
is near the apex of the bull), the shoot also is involved in the I'sion ami 
the mycelium growing from the bulb tissue infects the leaf tissue. Tlis 
condition was frequently encountered in studying the di.seaso ami is 
well illustrated in figure 27. Usually it is only the outer, sheathiiift leal 
that is diseased, although sometimes the wliole shoot maj’ l)e iilTectcd 
and fail to emerge from the soil. After growing in the leaf for a tiiiii'. 
the mycelium emerges from the dead tissue and, if favorable condition^ 
prevail, conirliophores and conidia are i)roduced. These are fonncil 
on the aerial mycelium and also arise directly from the myedium in the 
leaf. The unspecialized hyphae an<i the cf)ni)lioi)hores which aiTc fa'iii 
the leaf emerge through the stomata, and in the specimens observed, mil} 

one came from each stoma. 


Secondary inoculations and infections 

The conidia, prorluced in great abundance on these first-infecti d leaves 
furnish abundant inoculum for .secondary inoculations. Although it 
not improbable that they are also transported by such other agi’HO'’' 
as insects, spattering rain, animals, and man, the conidia an fei' 
most part scattered to the infection courts by means of the wind. 

The infection courts may lie any part of the tulip plant except die 
Conidia falling on these parts germinate very quickly under [iropci con 
ditions. Experiments with conidia in tulip juice and in distilled v\ate 
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prodiicpil successful germination. In the former there was a good develop- 
ment of germ tubes overnight, while in the latter germination took place 
but the development of the germ tubes was poor. This experiment 
was conducted at room temperature. The germ tubes penetrate directly, 
as discussed under the heading Pathological histology (page 351) and 
cause infection. Visible evidence of infection often appears within the 
short periotl of twenty-four hours, as was demonstrated in the patho- 
genicity experiments. Under conditions unfav'orable for germination the 
conidia are ;ible to retain their viability for some time, as the following 
experiment illustrates. 

Tulip material abundantly covered with conidia was collected on June 
12, 1917. at Itliaca, N('w York. It was kept under laboratory conditions 
and th(' capacity of the conidia for germination was tested on June 12, 
June 25, July 12, and .\ugust 2. Clermination of conidia was obtained at 
all of these dates exc('i)t the last. This shows that in a dry condition 
the conidia ladain for se\-eral weeks their ability to germinate. The 
lo.sions caused by their infections soon enlarge and produce more conidio- 
phores and conidia, which in turn are capable of producing more infections. 
That these infections are continually taking ])lace is evident from the 
presence lesions of various ages on the same leaf (fig. 25). 

f onidia may be carried from badly diseased tops to the bulbs, perhaps 
heiiig waslu'd down by rain, i^c'vt'ral specimens were collected which 
clearly showed this. Incipient lesions were found on both the stalks 
and tlu' bulbs of such plants, showing how the inoculum works down to 
the bulbs. These lesions increase in size and sclerotia are producer!. 

lieu the bulb becomes dormant the development of the lesion is arrested 
and the tiingus is again ready for hibernation. There is no doubt that 
the sclerotia retain tludr vitalitj' for a U>ng jx'riod. In fact, isolations 

ia\c been made from sclerotia which have been in a resting state for 
several years. 

Pathological histology 

jj 'iiaterial was fixed in Flemming’s, in chromo-acetic, and in Gilson’s 
hail ^ ^'“dicddcd in paraffin, sectioned, aiul stained with both Heiden- 
diflic 1," ' " Flemming’s triple stain. Some 

of tl ' expm-ienced in sectioning lesions on the bulbs because 
“ numerous, large, starch grains present. In order to study the 



352 


Edwin E. Hopkins 



Fig. 4.3. lesiox os the outer bulb scale 

Photomicrograph of cros.s section through le.sion. The accumulation of starch in the cell.’, 
and an incipient sclerotium, are visible 


ponotration, certain areas on the tulip leaves were marked willi imlii' 
ink, inoculated hy dusting with conidia, arul, after various intcivalf. 
cut out, killed, fixed, and stained. 


On the bulbs, typical necrotic lesions appear, which show 


... I 

accumulation of starch about the diseased area. This is pictui' > 
general features in figure 43, and in more detail in figures 44 tuid 
of which shows a diseased area and the other a healthy one 
starch grains arc heart-shapetl and large. They react to iodine in p'' 
iodide in the usual way, and with Flemming’s triple stain arc 


icculiar 
1 in its 
45. one 
'riu'sc 

I as.^iiiw 
ilorida 


beautiful pink. Why they should accumulate in this manner about the 
le.sion is not known. 
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The nivcdium in the bullious 
tissue is usually of small diame- 
ter and is both inter- and in- 
tracellular. Usually in that 
part of the tissue where the 
wyceliuiii is advancing and 
the eells arc not yet killed, it 
is intercellular, while in the 
older p:ii't of the lesion the 
liyphai' iienetrate into the celts 
as well as iietwecii them. The 
pi'otopla.un of the cells at this 
stage is practically gone. The 
collaps(> of tlaase emiity cells 



causes tiK' 


lesion to 


pressed. Solerotia sometiiiu's 
fouii on th(‘ surface of the 
Itsion. In figure 43 an incip- 
s,'lerotiuin may he seen. 












■n.sscE. X 27. 
mtercellular „,yocliu„,. CC.mera-lueiS Tawfi 



'asculur bundles in the bulb 
scale were markedly aff-ected. and 
in one case the xylmn had entirely 
disapixaared while the phloem, 
(hough attacked, .still remained 
in part. In another .sjieeimen the 
bundle had been di.sintegrated on 
the side toward the k'sion. This 
involved the ]ihloem, the eells of 
n-hieh stained a deeper blue, 
i here was starch accumulation in 
this region. 

lenetration of the fi^ngus into 
the leaf ti.ssue has lx>cn observed. 
No appressoria are formed hy the 
germ tubes, which instead pene- 
trate directly through the leaf 
surface, eiti.er through stomata or 
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Fig. 40. pe.vetb^tiov of 
■n.s.'i.-E. X 277 

Trari'vcrv' feotionof epidprmi^:. 
fCamera-lucida drawingi 


between epidermal cells (figs. 46, 47). The germ 
tubes have not been observed to poiietruu 
directly through epidermal cells. It ha.-^ hopi] 
noted that penetration more often occuis whon 
the coniilia are more numerous. Probably this 
is because of the greater enzymatic action, 
which hydrolyzes the cuticular substance. 

The mvcelimn in the leaf, like that in the 
bulb, is both inter- and intracellular. This is 
shown in figure.s 48 and 49. After the fungii.s 
has tleveloped for a time in the leaf tissue, a 
eollapsf' of the cells results and causes the leaf 
to become much thinner in the diseased area, 
Here also, where the mycelium is still intercel- 
lular. the cells are not killed. There is injiirv 
caused in advanei* of the mycelium. This 
indicates the excretion of toxic or enz,\ inatic 
.'itiiistances by tla^ pathogene. 


The writer thinks that the injury caused in this disease is not due to 
oxalic acid. Some experiments were made to determine what tlii' nature uf 


the injury from oxalic acid would 


1)0. Several plants wore injected 
hypodermically with solutions of 
oxalic acid of various concentra- 
tions. and le.sions were produ<-ed 
4\hich strikingly resembled those 
caused by a fungus. Further- 
more. microscofiical examination 
indicated that no fungus ha<l 
been accidentally introduced. 



However, the concentrations 
were necessarily higher than 
tho.se produced by fungi in cul- 
ture. The work of Brown (1915; 
seems to show that neither oxa- 
lates nor oxalic acid take [lart 
in the toxicity of IS. ci/ieno, but 



FlO. 47. PE.SF.TRATION OF LEAF TIS.'-' I ^ 

.Surface view. ((!amcra-lucida <lr‘C'infc) 
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Fk;. 4S. intercellular mvcelium in leaf tissue. X 000 
The celLs have not yet lost their protoplasm. (Camcra-lucida drawing) 


that this toxicity is ilup to 
pnzvraatic action. 


COXTROL 

It has Ih'Cii iniiios.sihlo to 
Cany control cxporiinonts far 
P!iou<ili to justify making; 
any (Icfinito rccommciiila- 

tioiis for t h (> CO n t r o 1 of 
lii'trutit. TitJipiir. A con- 
f-i'lcration of tii(. patliogcni'. 
liowcvcr, makes il cviileiit 
is prohalily 
lii^t import aiicc. ('loan 
hiil.s, ii'iiDi inycoliuin 
^‘t'i ^(h iiit ia_ should product' 

'Flips, loi- j( jj, 

P'Fiolile that in tlii'se forms 
I’all'on,,,,,, is earned on 

Mlhonglilhedi.s- 

liny possibly he attriti- 
infested soil, i, often 
mi tulips grown in soil 
"• n II iiei'etofo,.e no tulips 
"'la ai'own. 



The cells of the leaf are devoid of contents. 
(Camera-lucida drawing) 


356 


Edwin F. Hopkins 



FlO. .W. PROLIFERATION OF CO.NIDIOPHORE. X SJO 
Showing new branches arising from conidial rlusler. (Pliotoiiiicrngr.ipli) 

Until further experiments have been made, soil treatmeni laiiiiDi he 
recommended. Carbolinenm has been recommended in the litemiiiii’ 
disinfectant for soil (Elenkin, 1911). Klcbahn ( 1001 : 33 t ( rii n S I’nis 
method unfavorably, saying that not even weeds will grow in '"il thic' 
treated. 

Experiments made at Madison, Wisconsin, in 1917, showed that 
tuli|)S with bordeaiix mixture .o-o-.IO cau.sed^ consideniblc iiijm' to hoth 
the leaves arid the flowers, besides giving them an unsightly aiipittianic- 
Accordingly thi.s treatment is not to be recommended. 

From the prr-.sent knowledge of this disease' the followitic 
seem advi.sable: 

1. .'^election of clean bulbs, free from lesions and .sclerolio 
the sdejotia occur only on the outer papi'ry scale this shotild t" 
and burned. It is well also to inspect, the old stalk of the prc\ 
if this still remains attached, for it frwiuently Ixrai’s sclerotia die 


The Botrytis Blight of Tiilips 


357 


2. Can'ful handling, to avoid injuring the bulbs, as infection takes 
place 11101 e readily on injured bulbs than on healthy ones. 

3. Stoiasro of the bulbs under proper conditions of temperature and 
hiimiility- The temperature should be kept as low as possible without 
injurv to the bulbs, preferably about 40° F. The humidity also should 
be low. These conditions are especially desirable, as they retard the 
devclopnicut of any small lesions that may be present on the bulbs at 
the tiiin' of storage, and prevent the germination of any conidia that 
iiiav be on tlu'ir surface. 

4. heinoval and destruction of diseased plants when they appear in 
the tichl or the beds. Tliis will limit, if it docs not entirely prevent, 
secondary inlections. 

SUMMARY 


.\r investigation of the tulip disease caused by Bolrytis Tulipae (Libert) 
cninb. iiov. ,'liows tint it is present throughout the United States and that 
it was probably introduced with the introduction of tulip bulbs. Reports 
of The ilisi'ase sliow that it has been in this country at least since 1901. 

Under noiinal conditions this disease is restricted to the genus Tulipa 
and wit liin t lii-< genus practically all varieties are susceptible. One instance 
of uppannii nniniinity is tlie variety Baronne de la Tonnaye, which, during 
ail epidemic of Botrytis blight, showed no evidence of the disease. 

i omits made in the spring of 1017, at Ithaca, on one variety of late 
tulips, Spaihulata, showed 100 per camt of the loaves and OS per cent 
the stalks to be alTected. Other varieties were similarly infected. 
Ilicse infections were traced to the bullTS, of wliicli tlio variety Spathulata 
showed to p(,i- (.(,„( viiiinistaktdde. Botrytis lesions and the Mrs. 

burner ( leveland variety, 5.2 per cent. 

Lie disease is easily recognized on the bulbs when the fungous sclerotia 


are present in the lesions. On the Icavf's, the llower stalks, and the flowers, 
ase\en bhirliting frequently talo's idace. 

‘'studies of the literature and herbarium siiccimeus show that the disetise 
uncei <'')ii>ideration is to be ascribed to/lotn/tos- TuUihic (Libert) comb. nov.‘ 
uliuial studies have demonstrated tliat l)oth the small sclerotia on 
re ml|,„ conidial form on the leaves anil other parts of the tulip 

nil stages of one and the same fungus, namely, liolnjtis Tulipae. 


’Ill ri 

of Llbt I 


fungua has gone by the name Jiotrytts pirasitica Cavara. but the specific name 
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The morphology of the parasite has been investigated in some flofa,] 
The manner of formation and attachment of the conidia has bee;, broiidit 
out, microconidia have been demonstrated for this species and eonidij 
measurements show that while the variation in size is from 12-24 x 1(^20 
the greater number of spores measure 16-17 x 9-10. 

Conidial production, which rarely takes place in pure cultuu's uml r 
ordinary conditions, was found to occur abundantly when plate iultin-K 
were partially dried. Abundant conidia were also formed on stoi ■iliz'.'J 
tulip leaves in large test tubes. 

The para.sitism of B. Tulipae has Ix-en fully demonstrated by iraimroiis 
infections brought about by the use of pure cultures of the nicaiiisa. 
Inoculations of other plants, both nearly and distantly rclatid. wliilp 
showing the parasite to be restricted to tulijis, show also that tin' iiaia.dic 
e.xhibits a weak and varying degree of al)ility to attack other iiumr?, 

Hibernation is by means of sclerotia which live over the winter uii 
the bulbs. Infection spreads from the.se bulbs to the developing diun's 
where abundant conidia aie proiluccd. These primary lesions .'cnv ri 
the source of inoculum for scccjiidary infection. The conidia pindiiml 
in this manner retain their vitality for several weeks. 

Sections through lesions on the bull> show an accumulation of .^tnuh 
about the diseased area. In the jtenetration of the ti.ssue by conidial 
germ tube.-!, no appressoria are forme<l ami the germ tubes penetrate 
directly through the epidermis or through the stomata. 

Althougli extt.'iisive control exjxaiments have not been made, it t' ’f rom- 
mended that clean bulbs, careful iiaiidling of bulbs, propca- storage, ntid 
systematic removal and destruction of dihcaseil plants in the Held ttil) 
largely hohl the (li.sca.se in claa-k. 

•Mettioir S'), The <ien*iic o/ / l-wt * oUjrs \n Muiz*-, tin- H.itJi |>re**c*<lin*j r- l’' ' 

p'ib'icatioris, mailed o:i J.ily I't, IH.'I 



The Botrytis Blight of Tulips 


359 


BIBLIOGRAPHY 

A-N'oxYMors. The tulip disease: its prevention or cure. Gard. chron., 
ser. 3 41 IfiS. 1907. 

Bailey. L. H. Tulipa. In Standard cyclopedia of horticulture 6:3393- 
3403. 1017. 

Broyx, William. Studic.s in the physiology of parasitism. I. The 
action of Botrytis cinerra. Ann. Ijot. 29:313-348. 1915. 

CAiira riiEiis. M illiam. Di.seases of plants. In Annual report for 1901 
of the coii.-^ulling botanist. Roy. Agr. Soc. England. Journ. 62 241- 
250. 1001. 


Cavarv, Fridiaxo. Appunti di patologia vegetale (alcuni funghi parassiti 
di piaiite cultivate.) 1st. Bot. Univ. Pavia. Atti 2. 1 .42.)-135. 1888. 

FIlexkix. a. a. 0 CIritinekh Boliesniakh I-ukoviz Tiulpana. Jurnal 
BolicM.i Rastenii V. G. No. 5-0: 105-124. ^Abstmcti^l in Internat. 
Iii't .Vui’ iHuinel, Bur, Agr. Intel, and Plant Disea.ses, Bui 3 1000- 
lOii? 1012) 1011. 


EI-u^ied, Byhux D. Onions. In Report of the Botanical Department. 
Aiw .fersev Agr. Exp. 8ta. Ann. Kept. II .3.52-3.54. 1801. 

Tulip mould. In Report of the hotani.-^t. New Jersey Agr. 
bta. Ann. Rept. 22 '438-1 40. l!»02. 


on p. 103.) 1012. 


I. 1 ulips. ji. 1-11(). (Reference 

riotrytis-Krankheit der Tulixm. Ztsehr. Pflanz- 

14 l,s- 3 f). 100-1. 


'II* ^'*'>'.vlisi-Krankheit und die Sklerotienkrankheit dor 
Botivtl r. ^’'^■^'^'’*''’l<heit der Maiblumen, und einige aiulere 

Yiankheiten. Hamburg. Wiss. Ansi. Jahrb. 22; 1-22. 1905. 



3G0 


Edwin F. Hopkins 


Weitere Untersuchungen iiber die Sclerotien Kranklicit der 

Zwiebelpflanzen. Hamburg. Wiss. Anst. Jahrb. 24: 1-53. I'jiJ? 

Lender, Alf. Une maladie des tulipes. Soc. Bot. Gendvo. gy] 
2:3:126-131. 1911. 

Lind.w, G. Hyphomycetes. In Die natiirlicho Pflanzcnfamilion lEnelcr 
und Prantl), 'l‘ : 4.3.5-137. 1900. 

B. ptirnsitica Cavara. In Kryptogamen Flora (Ralioiihor-t’, 

18.292. 1907. 

Lrinvic, F. Fine Sc-lerotinietikrankheit der Tulpenzwiebelii. Di nt dot. 
Moiiat»chr. 15.1.53-1.54. 1897. 

Lvm.vn, G. R. Some interesting finds in tlie phytopat hologimd iii'pcction 
service for 1915. Phytopath. 6:96. 1916. 

M.vs'F.f., Georoe. A te.xt book of plant diseases. (Refenniccs on p 
1.5S-159, 3S3.; 1899. 

Tulip mould. In Di.sea.se.s of cailtivatcd plants and trci- p 

1910. 

Mi nn, M. T. Xeek-rot disea.se of onions. New York (('.ini vai 
F,\p. 8ta. Bui. 437:36.5-4.55. 1917. 

No.vf K, F. Phytopat hologische Beobachtungen aus Belgien und Hollami’ 
Zt.schr. Pfiunzenkr. 14.347-3.52. 1901. 

IIiTZEM.v IP)s, ,1. Botnjtis iMiraailica Cavara, die von ihr 
'rulpxTikninkheit sowie dcren Bckampfung. Centbl. 
lS-2t), 89-91. 1903 a. 

* Prof" 

Tijd.sehrift over Plantenziekten, onder redactie g- 

Dr. .J. Ritzema Bos. en G. Staes. Centbl. Bakt. 2:10 3 
1903 b. 



Thk Botiivtis Blight of Tulips 


3G1 


- Hct woRhlijvpii on hot omvallon der tulpcn, veroorzaakt door 

I’y.itf'it ' tinrdsitiai (’avara, on do hostrijding van doze kwaal. Tijdschr. 
v.ii'kton 8:177-202. 1903 c. 

Kill Ml I -' Sckrotium Tuhpac ii. sp. Thorry in lilt. In Fungi 
ox'iccati pnicoii)uo Galliao ot Algoriac. Rev. myc. 9;1.5.'). 
F^7 

S\M \i(nii, P. A. .S'. Tidipac Lib. In Funtthi dollo .\rdonno oontemiti 
iH'l'.r ( 'I'vptdgainao Arduoiiinao dolla Signora M. A. Libort. Malpighia 
2 2111. lsSS-S<). 


Sdiiu i.it. I’u'i.. Das [bnfallon dor Tulpon. Ztschr. Pflanzonkr. Id ^Oo- 
2i'i7 I'.Hi;), 

Sini 1 , ,\ B ( lli'orvations on tulips, llort. Soo. Now York. Journ. 
2 201 201) 11117. 

Ll)HM’Viitions on tulips. II. Horl. Soo. Now York .lourn. 2 ‘23.)~ 
'24;i. lois. 

Liolin-o, PiKKo. 1 paras'ili d('ll(> pianto o.ssc'i'vati nolla provinoia di 
roniii) 0 logioiii vioin,. nid ]();)<). R. Aooa.l. Agr. Torino. Ann. 52 277- 
3IN1. 10 10. 

Dndorzo{>k dor y.iokton van liyaointhon on andoro bol-on 
D'r.slag over hot jaar I.SS-l, :tn hot Algoinooiu Veroon- 
yiii" \(.i' Hlooinbolloncultuiir to Ilaarloni. p. l-2t). 1887). 

'■ ll.vinono-ot (la.storo — .Mvooto.s huousquo in iinjx'iio 

Pans Prodromi Florae Ro.s.sioao. Potro- 
1 .iiiiK ii.dv .Vi'.adomiao Imporialis soionliaruni p. 1 07(!. 1830. 




;£p'rEMBER, 1^21 


MEMOIR 46 


CORNELL UNIVERSITY 

agricultural experiment StXtlON 


A CLASSIFICATION OF THE CULTIVATED 
VARIETIES OF BARLEY 


ROY GLEN WIGGANS 


ITHACA, NEW YORK 
PUBLISHED BY THE UNIVERSITY 




CONTEXTS 


PAGE 

i\irk uf othor _investig:ators 369 

C’las.'iiitations 369 

XiinitK'i' of species 380 

8uiniiiai'y 381 

[atciial used in the present classification 383 

Iiirphdloyy of the barley plant 384 

(b'oss eharaeti'i's 384 

Fnliaue • ■ 384 

Culm characters 385 

Height of plant 385 

Length of last inteniodc'. 386 

XunilH'i' of nodes 386 

Roots . . 386 

Habit of plant in ('aiiy growth 387 

Mniergeiiee of awns and si)ik(‘s 388 

Time of maturity . 388 

Pi’odueiion 388 

>pike eharactiu's 388 

Fertility . . 389 

Hraiu'li-headed barh'vs. . . 392 

Deii>i;y 393 

Length of i iternodes of rliacliis 394 

Angle of inclination of ker; el . 397 

Attitude of spike ... 397 

.Vrlieiilation of internodes of liiaehis 398 

8pikele( eharaeters 398 

TliegE.ain 398 

( ompoaii ion . .. 399 

Size 399 

Sh.ape -U)0 

Color 401 

1 he lemma, or flowering glume . 403 

Adlien-nce of lemma and palea to earvopsis 404 

1 erminal appemlage . . . 40t) 

A umbei' of nerves of li'inma 407 

limbing of lateral nerves of lemma 407 

li.ise of lemma . 408 

he cuter glumes . . 410 

1 he ihaeliilla. ... 411 



366 


Contents 


Page 

Classificiition of barley forms 4j3 

Hordeum spontiineiim 415 

Hordeum ndgare 4lij 

Hordeum intermedium 430 

Hordeum di dichon . 433 

Hordeum deficiens 443 

^^uminary 444 

AekiiowledKincnts 448 

Bibliography 449 

Index to varieties and subvarieties 453 



k CLASSIFICATION OF THE CULTIVATED VARIETIES OF BA.RLEY 




\ CLASSIFICATION OF THE CULTIVATED VARIETIES OF 

BARLEY 

Roy Glex Wiggans 

The nerd for systematic classifications of the various farm crops has 
hern recognized in recent years, due to the larj 2 :o increase in the number 
of varieties and the confusion in the nomenclature. It is the purpose 
of this studV to make a classification of barleys that will aid agronomists, 
seedsmen, and farmers to ichaitify the different varieties in common 
cultivation and to clear up th(' misuses (tf nomenclature. 

Before a classification of any group of plants can be undertaken, it is 
necessary to have an accurate knowhalge of the structure of the plants. 
For this nuison, and because it is hoixal that the descriptions may be 
of value to detailed studies in the future, the morphology of the barley 
plant is fully discussc'd in this itiiper. 


WORK OF OTHER INVESTIGATORS 

CLASSIFICATIONS 

The numerous tuid extensive' n'searclK's on bmley already available 
have been made largely in Icuropt'. and deal more' wiih the malting and 
browing ([Ualities of tlu' barh'y grown and the proces.ses of manufacturing 
than with systematic ehissitication. This work, howt'ver. has not been 
cntiiely iK'glectc'd. Classifications have Ix'cn ])res('nted by various 
Eutopctiii mi,} American investigators. On clos(' examination, these 
dashificatioiis are found to differ widely in arrangemei’.t ;ind in the weight 
gUdi the caiioiis chiiracters th;it ha\T bi-en used in distinguishing between 
f’ six'ciis and also between grouits of h'sser imiKirttince. For these 
leahoiiN. and in order (1) to make available the ela.ssifications of European 
'dhtigaiois and (2) to give weight to tlu' characters employed in the 
rovk' * ' considerable space is devoted in this paper to 
Th? ' ^ *''' '’iirious classifications that have previously been presented, 
limn ' classification of barleys of iiny innK)rtance was that of 
‘ " " ' ' Five years later (175B) he elaborated on his first work, 


D.iti 


lltllCJ; 


refer to LHblioijraphy, page 449. 

309 
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recognizing four distinct species and two varieties of cultivated barlpv^ 
as given briefly in the following key; 

A. AU spikelets fertile. 

B. Spike.s (len.se Hordeiim hemslirhnl 

BB. Spikes la.x //. L,' 

C. Kernels hulle.ss H. vulgare var. (odr^tel 

AA. Median spikelet fertile. 

B. .Spikes dense , N. I 

BB. .'Spikes Ux. . ... I!. dt.<lichfo,l 

C. Kernels hulless H. distichon var. nudumi 

In makinjr his classification Linnaeus rt'cognized tlirec iniixirtant taxonoinie 
characters — h'rtilily, density, and adherence of leniina ;ind palm to the 
carvopsis. Tliesc three characters h;ive been givtai important considoia- 
tion in practically every cltissification in.ade .since, and tlie spobs 
establishctl by Linnaeus havt' Ixam the foundation of all subsequent work. 
All classifictitions previous to th;it of Linn.aciis were necessarily ba.setl 
on very smttll collt'ctions, and ;is ;i con.sctjuence only two tyjies of barley, 
the si.x'-rowcd and the two-rowtxl. w('n> n'cognized. For this roa.son, 
nothing is to be gained Itv :i revit'w of tlie liter;itur(‘ previous to IT.rl 
'So work was doin' on b.-irleys for si,\ly-five years jiftcr the publication 
of Linnaeus’ cla.ssificiition. Schiilder ( IslSj named seven specie.^ hv 
employing the .stinie ch.anicters tis wt'it' used by Linmieus. The uiily 
atldition he nnide w;is tlie .sep;ir;it ion for tlie first time of tlie binriacaii 
species fli.-^lirhon inlb tr<c>inn ;uid nnfo/i.v. d’his scfitiralion w:ts iiunle on 
density, thus gii'ing thrr'c species of (wo-rowi'd b.arleys, zrocritoti. cndviH' 
and nutanK, ba.sed on the den.sity of the spike. 

Following .''chiibler, Sr-ringe (bSH)) recognized four species, all ol which 
had Ix'cn nanieil by Linnaeus. Later (ISIl 42; he made subdix bioiH oi 
the four .species but failed to add anything of value to prex'ious weik. 

.Je.s.sen (IH~>~)) pri-sented a brief classificat ion wherein he coii.''ii h ied all 
cultivated varieties of btirley as one sjiecies', iiiimely, Ilordciiin .ruliniin 
.Jess. He was the first botanist to thus limit the nurnbi'r ol -pern' ot 
cultivated barleys. 

Heuze fl<S72;, working with :i much hirger collection of bail 'i' hian 
his predece,s.sors u.sed, was able to expand and etilarge on the chi'- T i""’'" 
previou.sly pre.seiited. His work doubtless stimulated latei ."ikd- 
especially Kbrnieke, who piiblishe*! Die Switgerxte (1882) and hii‘ 'l.uo 
ated on this work in the Ildmlhuch dee (ielreidehauce (Kornicke, i 
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Th(' classificalion of Kornicko, as prosontei], in 1885, is given briefly in 
the follewinii key.^ He considered all cultivated varieties to belong to 
one s|)('cics, Hurdviun vuUjdrv L., and establislK'd four primary groups 
nithiii tlie oni' specie's, using fertility, terminal appendage, and number 
of mws or ranks as the' chief characters. 


A. All ^pikfli'ts fertile Ilnrdeum polystickum Doll. 

B All 'pikelets awned. 

C. Si\-ri)\ve(i barley, the spikes with .si'c similar rows //. hemstichiim L. 

CO. I'our-roweil b.arley, the spikes with four (lis..iiiiilar rows; two opposite rows 
fonnoil by the overlappini; of two spikclets. , .//. Mrn.slichum Kcke. 

BB. Only the middlo .spikelets awned, middle barley //. interniaUum Kcke! 

:VA. Only the middle spikclets fertile. Two-rowed barley ...//. dUtickum L 


The varieties witliin the four subspecies which Kbrrdckc established are 
Is follows: 


1. Ilorili’iim hexnMichiim L. 

A. Kiriieb hulled. 

B. Outer nkime.s normal, linear. 

C. Spike yellow. 

11. drain short 

DD. drains loriK. 

b. Spike pyramidal 

KK, Spike with parallel .sidf.s 

CC Spike black. 

D. Spike short, somewhat pyramidal . 

Tin ■''f’ll'e leai;, with parallel .sides 

IB. Outer (flumes all or in part broadly lanceolalin 
t- .Ml outer ulumes broadly lanceolate 
t <- Only the outer flumes of the lateral spikelct- 

AA. Keriii K naked. 

■ trli'a.slirhiim Kcke 

A hiTiiek hulled. 


var. hrachnatherum Kcke. 

var. pyrmnidntvm Kcke. 
var. pnndklam Kcke. 

vaij Schimpi'iitintim Kcke. 
var. ;;iii,',i'ii4,< Kcke. 

var. ( Hr>i!)'pis Kcke. 
broadly laiu'eola'e. 

var. reevns Ivcko. 
var. rvirldtidn Kcke. 


Ji. 1 

<_ 


Cl ■( 


Bii. 


luiii'-.. normal. 

• Spike yellow*. 

I dram straight 

•Id dram twisted 

■ ‘"Ipike gray-blue 

^'iike black. 

^ '' dram rough 
dt tiram smooth 
■’■■''I' s monstrous. 

'T un long, strong 
nil .short, intermediate’ 
''■‘m weak. . . , 


var. pdllidiir'. .Ser. 

. . . var. HfiKci Kcke. 
\ ar. ciH'nilvtsccns Ser. 

.var. tnijiHtn Willd. 
var. Inorrhynchum Kcke. 

var. torhk Uobert. 
var. ninilltiliim Kcke. 
var. Hor.sfiirdianiim W ittm. 


tioin 111 ,, original Gornion. but la rearrange) in the slaiulani form. 
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AA. Kernels naked. 

B. Glumes normal. 

C. Spike yellow. 

D. .Spike long, narrow: kernel thin . . . 
DD. .Spike short; kernel thick. 

E. Kernel blue-gray 
EE. Kernel yellowish blue, thinner . 
CC. .Spike gray-violet 
BB. Glumes monstrou.s. 

C. Only on middle .spikelet 
CC. On all spikelets. 

D. .\wned 

DD. Awnless ... ... 


var. coehtt L 

Yar. himalmjtnse Ritnt 

Yar. WuIiM'ixii Kcte. 

Yar. iiuhiaum Kike. 

Yar. cnrnutum .Schradet 

. . .\-ai.pxeudolrifurciiliim\imt4. 
Yar. p'i/ iirciihim Mhl, 


.3. Hordeum inlermeditim Keke. 

X. Spike thick, straight .... 

.Spike weak, nodding 

4. Hordeum dinlich'im L. 

Rh.arhis at maturity rem.aining entire. 

B. .Spike normal. 

C. Kernels hulled. 

D. Spike with parallel .sides. 

E. .Spike weak, n.arrow. 

F. Spike yellow. 

G. Gr.iin rough 

GG. (irain .smooth 

FF. .Spike blackish 

FFF. Spike black. 

G. tirain rough 

GG. Grain smooth 

EE. .Spike thick, 'hurt. 

F. ^'ellow 

FF. Black 

DD. ."^pike becoming smaller at point. 

E. Yellow 

EE. Black . . 

CC. Kernels naked 
BB. Spike abnormal. 

C. Spike .simple. 

1). Flower.s tif .side spikelet.s normal. 

E. ttuter glumiti of middle spikelet nown.al . . 
FiE. Outer glumes of middle spikelet .short lanceolate 
DD. Flowers of .side .spikelets entirely degenerated. 

E. Outer glumes of middle spikelet short lanceolate 
F. f ellow 
FF. Black ,. 

EE. Outer glumes of middle .spikelet normal. 

F. Yellow 
FF. Brown 
FFF. Black 
CC. Spike branchisl. 

D. Side spikelets normal ... 

DD. .Side spikelets not normal 

AA. Ithachis at maturity falling apart 


. var. tnni.drii.i Kcke. 
. .var. Haiti I HI Kcke. 


. . var. niilnnn .^ohutil 
var. mr'linnn Kcke. 
.var. iiviii 11.1 Kcke. 

var. /iiiji ii'iiie' .'ct 
var. pi'i ■^ii'nHL Kcke. 


.'^rhiih. 


var. cirihini '■ 
var. rnii'i ln■t^ll!l Kcke. 

var. Cl "I'l ifhuri 1. 
var. mc/eiiiici idiiiPi ii.''li5' 
v.ir. friilior i.. 


hell 1 'll /'O' 




Kcke. 


(iitriifn 




. vftf. dhi,’ 
.var. rniK ' 

. . var. >1' ‘ 
var. 
var. 

var. 


/ciii.i.V.Br. 

iiici.i.-hcui 

.,,,1/(1 Kck«' 

i,..,,/,'/ii Kcke. 


var. sponldfK'i’ 
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Uiulci- the preceding classification Kornicke brought together and 
(Ipsci'il'Td in detail 103 sorts which varied widely in structure and also 
in adaptation. Some of the varieties given in the classification were 
not represented in his collection, while others were represented by 
many soils or subvarieties. Since its publication the grouping given 
bv this author has been considered the liest one on the subject of barley 
varieties. In general the treatment given is very satisfactory and has 
bcpii sufficient in most eases to cstablmh varieties on a firm basis. The 
most ajapan'iit weakiH'ss in the scheme is in (ho treatment of the main 
rroiips, where a division of the six-rowed form is made on the arrangement 
;if the rows of spikeh'ts. The characters given the most weight by this 
Hither ill th(' subdivisions are: adherence of the lemma and the palea 
:o the caryopsis. shape of the outer glume, color of the grain, shape of 
:lie grain, shape of tlie spike, roughness or smoothness of the grain, and 
C'liaraeti'i’ of th(' rliachis. Two later papers by Kornicke (1S95 and 1909, 
file latter iniljlislu'd posthumously by his son, M. Kornicke) appeared, 
tieitlier of which addl'd anything of value to the jirevious paper; in fact, 
they lacked tlu' clearness lhat was evident in the earlier publication. 

^os.s (18S,')j. in the same 3'('ar as that in which the Hun^ibiich dcs 
GiiHidihdHcs appeared, also published a classification of barleys. Voss 
considered a'l cultivati'd varieties as one species, and followed Jessen 
(1S.3.U in using Honituni atiliruin as the siieeies name. The subspecies, 
varieties, and .sulivan’oties used l>\' ^’<)SS are as follows: ^ 


A. All flowers perfect and fertile 
1. Si\-ri)\u‘d l)arley.s 

a. Spikes wliitc 

ti. Spiki s blacli . , . 

Paralli'l barley.s 

a. .'•jiikcs white. . 


b. Spikes black . 

S' t nequal or odd-rowed baric 
a Spikes white. 

b. Spikes black 

4. Huli-less barley'.s 
a. 1 n r I barleys 
t‘ l-.iN liarley.s 
liiiiided barley.s . 
aiy till iiiidjlc flowers fertde, 


side flowers staniinate; 


I eari.i k 

•i- ''liikes white. 

I' J-pilus black 

r r l ,1 ,1,, original Oennau, 


. . suKspecies polyslichon Doll. 

var. heia^lichon L. 

subvar. album 

subvar. nigrum 

var. paraC.elum Kcke. 

, . subvar. album 
subvar. nigrum 
var. inaequalc Voss 
subvar. album 

subvar. nigrum 

var. cneleste L. 

... . subvar. rrectum Voss 
subvar, jlaccidum Voss 
subvar. trifurcalum S&r, 
two-rowed barleys. 

subspecies distkhon L. 
. . . var. zeocrithon L. 

... subvar. album 
subvar. nigrum 
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6. Erect barleys var. erecfi/m Schubl® 

a. Spikes white subvar. 

b. Spikes black subvar ni^n™ 

7. Nodding two-rowed barleys var. SchuUj 

a. Spikes white. ... .siibvar. o/biu 

b. Spikes black. .... subvar. lujn,, 

8. Naked two-rowed b.arlev-! var. iiiidmL 


AAA. Only the middle flowers fertile, side flowers entirely lost or stunted ; deficient harlej s, 

subspecies di-Jianm Steui 


9. Dense deficient barleys. 

a. Spikes white 

b. Spike.s black 

10. Loose deficient barleys 

a. Spikes white 

b. .■'pikes black . 

11. Wide deficient barleys . 

a. Spikes white 

b. Spikes black . 

12. Long deficient barleys 

a. Spikes white. 

b. Spikes black 


var. deiisHiii Vos 

.'ubvar. nlhm 

subvar. iiiorw 

var. fax ’nil Vo^ 

subvar. nlinn 

subvar iiiijiw 

var. plnli/lipis Vo'S 

subvar. nfbaii 

.subvar. iinim 

. var. mitcrakpis' X. Br, 

subvar. nlkii 

subv.ir. iiijr'iii 


In tho soparatioii of his main groups \ o.s.s usod only ono fharactci', that 
of fertility, of which he recognizes thret' degn't's. This is a deciiled iidvamf 
over the group separation given hy Kdrnicke, althougli the t icatmont 
of varieties hy \'oss is much inferior to tlnit of Kdrnicke. In inakine 
varietal difTt'rences. Voss uses the following chartictcrs: shapt; of spikt. 
arrangement of rows of spikelets, and ctdor. 

Attcrberg. workitig from 1889 to 1899. published several papci' o" 
barley cla-s-sification, but it was not until 1899 that he presented anything 
differing materially from the work of previous investigators. In 
he published his /Jie VarielaU-n umt Formen r/cr (Icrxle, wherein liedepaiti 
radically from tho estidilished systems. In designating 1'''' toini ^ 
used only 33 different terms. lie followed .lessen in [dacing all (■ulti\at' 
varieties in one sfK'cies, Ilonleum sativum. 'His .scheme is as 


Subspecies (Unterarten) of Unrdeum salivum 


A. Middle spikelets awned. 

B. Glumes small 

BB. Glumes large, about the length of the ripe grain, awna 


. ./fm-deum s'l' 
not considered 

II 


, 1,1 

r, nVicnV 


AA. Middle spikelets awnless or hooded. ,,p jurcaki’^ 

B. Middle spikelets hooded 110"* 

BB. Middle .spikelets 

• Translated from the original German, hut rearranged in the standard form (or keys 
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Each auhspacios was dividod into the following groups (Abartcn) : 


A Glumes remaining attached to caryopsis at maturity. 

B. Grains light-colored 

BB. Grains dark-colored ... . 

AA. Glumes lost from caryopsis at maturity. 

B. Grains light-colored 

BB. Grains dark -colored 


. . .album 
nigrum 

. . . . nudum 
nigronudu-ra 


Each gioup was then divided into the following varieties; 

A. All six spikelets fertile. 

B. Side spikelets awned ... polyslichum 

BB. Side spikelets not awned; established by cro.s.sini; six-rowed and two-rowed forms. 

mulicum 

kk. Side spikelets infertile. 

B. Glumes small, short, linear . .distichum 

BB. Side .spikelets rudimentary; outer glumes lacking or almost hacking; only small 
lemmas present • deficiens 

The varieties of si.x-rowed harh'vs wen' oaeli furtlit'r divided into the 
following subvariet ies : 

.A. .Average length of rhachis internode, 1.7-g.l m:n. .Spike very dense . .. .heia-dichum 

kk. .Average length of rhachis interno<le, 2. 1-2..S mm. .Spike average den.sity . parnllelum 

AA.A. Average length of rhachis internode, 2.7— 1.0 mm. .Spike loosely formed. . vulgare 


Ihe varieties of two-rowed Irarhw.s were (uieh further divided into tlie 
following subvarieties; 

A. Average length of internode, 1.7-2. 1 mm. Spikes very thick zcocriihum 

A.A. Av rage length of internode, 2. 1-2.S mm. .Spikes usu.ally .standing upright ercctum 

AAA. Average length of internode, 2.S-4.0 mm. Spikes loose, generally nodding at maturity. 

nutans 


In the formation of liis four .sub.speeies, .\tterlx>rg usi'd both tire terminal 
appendage and the elianieter of tlie outer glumes. Furtlier divisions 
"ore iinide im color, adherence of lemma to earvoiisis. fertility, shape of 
outei glumes, length of internodt's. and density of S])ike. To make lesser 
than those given above, he u.sed the eliaractrr of the base of the 
Giu'l, die basal bristle, rough and smooth awns, and color. 

11^ i-elieine of classification shows a familitirity witli a wider range 
b'■P''s diaii does the work of any previous investigator. .Vtterborg 
nil, li;ive followed the sy.itematic arrangement had lie not possessed 
' "in ill which the le,s.s('r fatdors consfiintly reappt'ared in important 
^ "'’.jection to the .system is that confusion is bound to occur 
'"i^ion of the sutwiiecies and (.2) in the rejK'tition of the same 
h the subdivisions, even though there are only 33 terms useil. 
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Atterberg considers the designation of 188 varieties by only 33 different 
terms as a decided improvement over previous classifications, but this 
seems to be a doubtful advantage. 

In connection with the work of .Atterbcrg, the Swedish, or Svalof, 
system of classification should be considered, .\tterberg himsdf in issg 
laid the foundation for this system of cla.ssification. His work was sul®.. 
quenth- improved upon by Noergaard (1880). but it remained for Bolin 
(1893) to perfect the sj’stem and put it into practice. The system which 
Bolin worked out at that time has been used in Sweden ever since for the 
identification of the important varieties. Briefly the system is as follows:' 


A. Two-rowed barley; all kernels broadest in the middle and symmetrical in contour. 

B. Dorsal side of base of kernel with a .slight horseshoe-like evr.avation or deprcwum 

Horrieum dii,liclium nulnni 

C. Rhachillae and lodicules long-haired. 

D. Lateral nerves without teeth . . Tijpfl 

DD. Lateral nerves with teeth .... ... f.v;" // 

' CC. Rhachillae and lodicule.s .short-haired, more or le.s.s wi)r)llv. 

D. Lateral nerves without teeth Tip,' in 

DD. Lateral nerves with teeth ? /;« I\ 

BB. Dorsal side of base of kernel not e.’icavated but often pinched with a triui'CiTM; 
crea.se or furrow U. dishihnm I'ulm 

C. Rhachillae and lodicules long-haired. 

D. Dorsal nerves wnthout teeth 
DD. Dorsal nerves with teeth 
CC. Rhachillae and lodieulc-s .short-haired, more or les- 
D. Dorsal nerves without teeth 
DD. Dorsal nerves with teeth 

AA. Si.x-rowed barley: all kernels from outer rows of head 

middle rows symmetrical but broade.st n-'arer the tip, tii • basal half being -hmu'wiih 
elongated K Mras-Uchum P'Mm 

B. Rhachillae and lodicules long-haired. 

C. Lateral nerves without teeth .V" 

CC. I.ateral nerves with teeth " 

BB. Rhachillae and hxlicules .short-hairfvl, more or less wooliy. 

C. I.ateral nerves wnthout teeth ,// 

CC. Lateral nerves with teeth .... ■ • • ' 


Ti!" '■ 
T,i it‘ VI 

s woolly. 

.. T,ii„ YU 

T ipi 1 in 

slightly twisted, kernels fr'ci 


The great additioii.s maile by the invest igal ions uf tlie.se men V' H 
discoveries of the staltle characters of the rh.achill.'i, or btcstil liri-di’- 
the lateral nerves. These two di.scttveries marked a retd adviinee in 
matter of barley cla.s.sification. Mtiiiy other studies wert* ma<ic mi l"■'“’ 
differences in varieties, which wen- not found to be eonst.ant. ^ 

Some years later (lOOti) Broili published a eliussilie.'ition of 
barleys in which he u.sed the Svakif .system to a very largo extend " ' ' 


* Rearranged in the standard form for keys. 
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little t(i the previous work. He, however, criticized the Svalof investi- 
gators in regard to the constancy of the characters of the rhachilla and 
the dorsal nerves. This criticism has been shown by subsequent investi- 
gators to 1)0 without foundation. 

Bcaveii (1902) presented the first comprehensive clas.sification of barleys 
ill English. The main groups which he considered under the one species, 
UonJnm xnlivuin, art' as follows: 

X. All .spikelets fertile. 

B. -Ail spikelefs norin.i.l. 

C. Sp'ke \vi;le with .short internodo.s Hordeum ftKxrisikhum L. 

CC. Spike narrow with Ions; internoilcs . viilg'ire L; H. tetrnxtichum Kcke. 

BB. Spikelets of median rows normal, spikelets of four lateral row.s diminutive and 
without awns ... .//. intermedium Kcke. 

C. Spike wide, with .■'hurt internodes var. Hnxtnni 

CC. Spike narrow, with lone internodes var. trannens 

AA. Only the median spikelets fertile. 

B. Four lateral rows infertile or staminale. 

C. Spike wide, with .short internodes ... II. zencritnn L. 

CC. Spike narrow, with lonu internodes II. dixttchum L. 

BB. Foui later, il rows rudimentary and without floral orRans (several .Abyssinian 
varieties) .. II. dccipiens fiteudel 


In his nuiin divisions Bctivcn used (hose chanictcrs: fertility and width 
of spike, and hnigth of rhtichis internoden Ih' used th.' naini' II. rttigarc L. 
fur//, titrantichuin Kcke., ;ind dividinl tiu' two-rowinl barleys into zcocrUon 
L. and iln^tichuni L. to corr('S[)()nd with tht* two forms of six-rowt'd barleys. 
He (lid not imdve :i division of the (/irf/uV/i.s group. In his description of 
Aarieties he used cluinieter of the spike (normtil or tibnormal). shtipc of 
file spike, color of the grtiin, (ermintd tippendtigic and tdiaractor of the 
h"n. Ilij, vtirietal d('S(ai[)tions include many recently develoix'd varieties, 
tspeeinlly those of Ktirl Htinsen, which in sevenil cti.ses were not yet well 
established. 


hegi'l 1 KMHj, 190, s, 1910) dilTered from (airlier woikers fl) by basing his 
niinoi gidiips on i;ices vtirying somewhat in environnuaittil tulaptations, 
'-,1 b\ lecogniziug only two densities. (3) by considi-ring blue tind purple 

as ()iins o| white v:irieti('s, ;ind (1) by making smooth tiwns a very minor 

enanicter. 


.III, III ilOllj made a study of barleys somewhat paralleling that of 
^'alot investigators. He made no classification, but gave the char- 
are of taxonomic value a thorough study. He was able to 
' ' fi*' liiidings of many [irevious investigators as to the value of certain 
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characters in classification as well as in genetic studies. ProI):,l)lv the 
most important addition to the knowledge of barleys which he gave was 
that in regard to pigmentation, which is reviewed later, in the discussion 
of the morphology of the barley plant. 

The grouping .suggested by Carleton (1910) is as follows: 

' spontaneum, K, Koch, disfichum, Linn., two-row barley. 

( vnilgare, Linn., common or nodding six-row barley. 

Hordeum ^ poly«^tichum, Doll 

he.x.a.-<fichum, Linn., club or erect six-row barley, 
intermedium, Kcke., hybrid barley. 

Carleton mentions one othi'r type, Hordeum dirlichum doficicnx, of which 
there are two forms, lait he docs not consid(‘r it as one of the main gnnips 
Under each of the above groups Carleton sej)arated varietiis hv the live 
of the following eharaeti'rs: fertility, color of the grain, sliatte of tie 
spike, rharaeter of the awns, and habit of ('al ly growth. lie gi\ ('s only a 
brief con.sideration to the general elas.si heat ion, and contributes little 
to previous works. 

A little later (1918) Harlan pnsented ;i classification which is to he 
commendcfl in many respects. 'I'his is given here' in di'tail: 


Key to the .<ipepies 

All .spikelets fertile ee>-row barley'. 

I..eminas of all Horets or h'XMleil . / Hh/cee t 

I.emmas of lateral flureN be.'inng neittier awiH nor ho<Ml.s ... . .intermolmm 

Only the eentral spikelets fertile (g-rowed barley). 

Lateral .spikelets eonsi.stini. of outer Kluiiies, leinina, palet, raohilla, and usnallv riiiliiiuu’' 
of the s<'\ijal orijan.s (/(-tiib'cl.. 

Lateral .spikelets redinasl, iiHindly to only tlio outer glunic.s and raehilla, rarcK nieti' uo|‘ 
one flowering Hlnnie present, and never rudimeut.a of .soxual orftan.a dijn-n / - '''c'" 


Tin's scheme is founded on tln> one ehaniefer fertility, th.il C ilctisil' 
being eliminated entireh'. It likewi.se considers btirley tis con.'isliii!: 
four distinct H[X’cie.s, on the grounds (1 j tlnit elearne.ss is hetici '•' I'Ui'' 
by making the sfx'cie.s a smaller unit, (2) tluit no grouj) of '"I'i 1’^'"'’” 
of such wide variation is unileil under :t single six'cies, tind ('■’>) • 
is abundant evi'lence that tit le:i.st two itarenis went iiivol'' ‘ ! 

prodnetion of the form.s ticjvv domesf icated. Tht; only did '''' 
.‘•eparating the main grmijts comes in a few etises in which the 
more or less intermediate in character. As Harlan has poi' ’ 
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((iiiditidn arises wry seldom in the existing varieties. It may, 
(TOcvcr. (•aus(' difficulty in the future as the number of varieties increases. 
Bv the use of the adherence of the lemma and the palea to the caryopsis, 
b(> tcTiiiiiial appi'iidage of the flowering glume, and the color of the grain, 
laiian lias described eight varieties in each of his species as follows: 


Key to the varieties 

'oi ilium cnigiire. 

KerneU hulled. 

Leltiinas awtied. 

Kernels white, blue, or purple 

Kernels hlnrk , . 

I.enuiias Inioded. 

KerneK white, blue, or purple 

KerneU lilaek 

KeriieK linked 
Leininas nwiied 

KenieK uhite, blue, or purple 

KenieK hhii'k 

heniinns hooded. 

Kernels unite, blue, or purple 

KerneK hlai'k ... . . 

hi'ilriim I •I'liiiii •hum. 

KeriieK hulled. 

LetniN'i ol eenlral Horet iiwiied or awuh'.ss. 

[MTiieK while, blue, or purple 
KeriieK hi lek 

beiiiinn of eeiitr.il flnret hooded. 

Kernels udiile, blue, or purple. 

Kernels hl'iek 
•ieruels nuked 

heiiiinii of ei ntral florfd awued or awulos.s. 

Kernels while, blue or purplo. 

Kimels llh^,.k 

Leminiiof eeniriil llnret liooded. 

Kerni U uhiti', blue, or purplo 

Kerm is 

''ll mil ll, I/, 
aeriieh hi,!l,.,| 
la-niri,n- 

'o'le Is u !|||,.^ Iduo or purplo 

'\eneUl,l„l^ • ‘ 

Leiniii 1 - 

1'' ^ " ' " ^''te, blue, or purple. .. . 

- i 1,!,,.), 

eeriieh ■ ! . I 

J ‘ 

, ' 'yd or awiiles.s. 

1 ^,, , Ptaplu 

• 

, , i' '"'I ’ I’hie, or purple 


1. pallidum. 

2. nigrum. 

.3. horsfordianum. 
4. tttrum. 


5. coelesle. 

0. diipHnigrum. 

7. tnfurcatum. 
S. aelhiops. 


. . . 0 . hnjrloni. 

. . 10 . mnrUini. 

11. suhenrnutum. 

12. alnco’nutum. 


13. niidihnxloni. 

. . 11 . nudimorlani. 

1,). coniuluni. 

. . 10. subau'hiops. 


17. pnlmrlla. 

I.S, iiigrixtins. 

10. nnguxUnpicnlum. 
20. rimpaui. 


21. nudum. 

. . . 22. nigrinudum. 

. . . . 23. liirum. 

24. uigriUuum. 
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Hordeum deficiens. 

Kernels hulled. 

Lemmas awned or awnless. 

Kernels white, blue, or purple. 
Kernels black . . 

Lemmas hooded. 

Kernels white, blue, or purple. 
Kernels black , 

Kernels naked. 

Lemmas awned or awnles.s. 

Kernels white, blue, or purple . 
Kernels black 
Lemmas hooded. 

Kernels white, blue, or purple 
Kernels black . 


.25. di'Jicinix. 
.26. skudrlu. 

.27. (ricfVf«. 
2S. tridar 


211 . 

•10. drciirhcntuni 

.-'11. sithlnxuni 
32. gi/miiiispenntm. 


For furtlicr divisioii.s within tho thirt\'-two vtirit'tics. H.'irlaii U'ld 
width of the outer glume, color of the kernel^!, ehanieter of the awtl^, 
density, and width and attitude of spike, in tin* ttrder luitneil. Thu?, 
density, which has been given such an important phice in :l11 pievidii? 
e!as.sitications, is here tised only for a minor varietal distinclioii. Xu 
attempt is made in this publication by Harlan to distinguish coniiiicnial 
varieties. 

.\f.\IBKK OF SPECIES 


.\lthough there is a consensus of opinion that fertility should heiisolas 
one. if not the otdy, charai.der in making up the iiiiiin groujis ol haih}. 
there is by no means the .sami* harmonious agreeimuit in regard ta tlit 
niimlKT of species. On the (ini' hand, there is a group consist iiift of 
Linnaeus Schlibler (1818), Scringe (1819), ('arhUon ( Hdlii. au'l 

Harlan ( lOlSj. who have consid<‘re<l cultivated barleys as loraiing houi 


three to seven sfx'cics; on the other hand, .Je.s.sen (bS.'j.')), Kiuiiickc 
\’(jss (LSS.p, .Vtti’i berg (1.899), and Munro and liisaven ( 19 (Xb. ha\c pie 
ferreil to gnjilp all barleys untler one .s(K-cies. 

In general, .S[)ecie.s in lailtivati'd crops shpuhl Iw ba.sed on t heir 
as far as is [Kjssible. 'I'his general ruh; c.annot Im; followed .disoluti 
because of the uncertainty in regard to the progenitors ot inan\’ gn’i'P' 
of plants. After the s(K'cies have been establishetl, the sulepccic' 
the grou|)s should if [)os.sible 1 m‘ ba.sed on the order of (wohitien- 
like th(! establishment of the s|M'cies, is uncf-rtain to a large deaio 

thus (he cla.ssification Is-comes iiion- and more artificiiil. . 

the vciv 


aid 

'his. 

aid 


In the e.stablishment of sjx'cies in thi! cast* of barleys, 
cla.ssification.s cannot have much weight laccausc of the 


small lo's 


of the 
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lollrctions !Uk 1 the lack of research in regard to their origin. Kornicke 
las the first to present the theory tliat all donie.sticated barley originated 
lom one wild species, Hordeum sponlnncum, and on this basis he made 
me siK'eies. Hordeum vulgare. Jessen. however, had previously considered 
11 liarley to belong to one species, Hordeum sativum Jess. Voss, Atterberg, 
nd Bcaveii, following Kornicke ’s theory, considered barley as only one 
peeies but followi'd Jessen in terminology. In more recent years con- 
idcrable evidence has been produced which indicates at least two wild 
nw'Aors for cultivated barley. The best discussion of this subject is 
y Schulz (1913), who presents the theory that by the accumulation of 
wcral siuall variations from the wild species //. spontaneum, a new 
lid species, //. ischnalhentm, was produced which is widely distributed 
I the Tigris-Euphrates region. This form as it is found presents several 
ariations in the characters of side spikeiets, just as does the wild species 
. but in general it is much nearer the six-rowed type than 

H. rimtam'um. Schulz offers the further theory that by the accumulation 
still more variations from II. i.<cluiallurum. the cultivated forms of the 
^-rowed barleys have been derived, and in a similar manner the cultivated 
nll^ 0 t le two-rowed barley.s also have been derived from H. spontaneum. 
s upiiiioii 111 regard to the origin of th(> intermediate forms between 
'Six-rowed and the common two-rowed barleys is that they 
os( n ciossmg. He thinks that the delicient forms arose directly from 
I'll (uuum, and not from any cultivated forms of two-rowed barleys. 


SI M.MARV 


ter III!**' review of the various cla.ssifications, the progress 

; nnaeus may be briefly summarized as follows: ^ 

•Schbbl,'!*'*"'’" ’^'^tans 

3- The :ill barley varieties into one species by Jessen. 

kiiiei.f „| variety ms a unit, by Kornicke, and the estab- 

^"ps. hiiwever ”*"*' ^^* varieties on a firm basis. (Kbrnicke's main 
:ibli,p„| ^ *"'P>'ovement over the groups previously 

the II., ,,, :j ;5 ij, , Atti iberg, whereby ISS varieties were designated 


tit is doubtful whether this was an advance.) 
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,5, Till' classification of cultivated varieties by Beaven, wherein the 
treatment of the main groups was superior to that of Kornicke. 

6. The (liscovciy by Neergaard of the stability of the long- and the 
short-hairi'd ihachillas, and the smooth apd the barbed lateral nerves. 

7. The researches of Harlan in regard to pigmentation in barleys. 

S. The reclassification of barleys by Harlan wherein the main groups 
were cstablishi'd on the basis of fertility alone. 

The ri'Iative weight given the dilTerent characters by the various 
iiivesii<>at(irs are summarized in the table on the opposite page. It is 
seen that thi'ii' is a very marki'd lack of agreement in the use of the 
various eharactei’s for classification pui-]ioses, with the one exception 
of fertility, which is u.sed as a basis of separation for the main groups or 
species in every case but onc'. 

M.ATEUIAL USED IX THE IMtESEXT CLASSIFIC.VTIOX 

In the pri'sent study 027 s|)ecimens were undi'r observation, many of 
which were alike in name and in all observable' morphological characters. 
These so-called varieties weii' largely collected in 191o by Professor 
E. (i, Montgomery, of ('oi iiell University, for the jiurpose of classification. 
The most valuable indicddual colli'ctions wi're thosi' obtained from the 
California Fxperimi'nt Station at Berkeley, California, the E. CTemens 
Horst ( onipany of San Francisco, and the Okonomisch-botanische Garten 
of Halle Iniversity in Germany. I’rom llu'si' thri'c sources alone an 
aRgreuate ot 47.') specimens were obtained, including all the types of any 
ccoiioiiiie importance and practically all the rarer types. This original 
collection ha.s bi'cn enhirgi'd by additions from the Dc-jiartment of Plant 
Bieedini; at ( ornell I niversity, from the OlHce of Fori'ign Seed and Plant 
hitUMliictions and the Office of Ceretd Invi'stigation of the United States 

UKaii o| Pl;mt Industry, from t he state agricult und experiment stations, 
PmtKulaily those of Virgiida :ind Wisconsin, and from other minor sources, 
ot which Imve tuded imdi'ritdly in comph'ting the collection. 

'"Ih'cfion Ims been in fin* hands of the writer since 1915 and 
Ill'll widwn ctich yc'ar in rod rows, one foot apart. Since yield was 
l'‘ '''or in the present study, the rate of planting was adjusted 

I ' ' '' ' lEat good development of individual plants might be 
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MORPHOLOGY' OF THE BARLEY PLANT 

Thp first thing neoessury in making a key for a group of plants i? 
detailed study of the morphological charactei-s of tlu' [)lants. This study 
is necessary for two reasons — to acquaint the investigtitor with thr itlanis 
with which he expects to work, and to learn the characters that am not ii,. 
fluenced by envirotimental conditions. The.se are the ch:iracters that imist 
be given the important place.s in the cla.s.sification. Therefore a ennsidcra- 
tion of thp morphological characters is of much importance in 1ln\ jjaper, 
The various discu.ssions herein not o.nly includi' a deserijatinn of thr 
individual characters, but al.so consider their value taxonomiciilly and 
the use made of them iit tlie pre.s(>nt an<l in previous elti.s.sificatioiis, 
However, the relative taxonomic value of tlie various chanicters ia net 
given any weight in the arrangetnenf of tliis st'ction. 

The morphological eharaet<>rs :is diseiis'^ed lu'i'ein are diviiicd int(; rhive 
groups and arc treated according to tlu' fcdlowing order: gross cluiractM'!-, 
spike characters, and spikelet eii.anieti is. 

(UiO.-'.S CIIAK.WTEK.S 

The gross characters of btuley, whieli inidude color, shape, and dze 
of the leaves, number and size of culms, roots, .and some other chtirai'ti'i'. 
are the letist valutdile among ih<‘ three groups of eluu'aeters li’niii a 
taxonwnie stand[)<tint. The difTereoet in thest' ehartieters tire n^nale 
not .sufficient to warrant taxonomic divisions. Furthermore, tlep' 'H't' 
the mo.st variable of all tlie eluinicters under dilTerent environmental 
conditions. Their chief value is to be found in vuriidal description--, 

i'vltiKji: 

The foliage of barley varieties presetU.s ;i nitbe'r wide range ot viuintinn.'. 
all of which tiro difficult not only to de.serilie but al.so to recognize. ^ nu.' 
tions occur in color, lenglli, width, and number of leaves, Iv'inidv 
(IHHo), in Ills varietal de, script ion.s, used four shades of feeu 
bright, dark, bluish, and yellowi.sh. Difficult ii'S immediately "i 

.such descriptive terms, Iwcau.se the personal fiietor is too great in de-i lii'inr, 
or recognizing such a chanicter for it to have much value. Otlici inem't 
gators have recognized difficulties in u.sing .such characters, and 
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consequence have used color of foliage with much precaution. The length 
and the width of the leaves are variables which, like color, are largely 
dependent on environment and are limited in their use in the same way. 
For them to be of any value, accurate statistical work must be done. 
As a rule, when significant differences are found, it is between the larger 
groups, where no such detailed observations are necessary for the distinction. 
The most marked variation in leaves is between the spring and the winter 
barleys, which are discussed later. The variation in the number, exclusive 
of the basal leaves, is identical with the number of nodes, whicli is discussed 
in connection with culm characters. 

Culm chamaei.-> 

The culms of barley vary in several characters, but, in general, greater 
variations are produced by different environments than exist between 
closely related forms. For this reason these variations are. like the 
variations in the foliage, of minor importance in cla.ssification. Their 
only value is in varietal description. Such characters as height of the 
plant, number of culms to the plant, diameter of the culms, thickness 
of the culm wall, number of nodes, and length of the last internode, have 
been used more or less extensively in descriptions. Kornicke (1885, 
hSOo, and 1909) made u.so of many varying vegetative characters in 
descrijuive work. 

Uiufnl (}f plant 

The heiglit of certain varieties in a particular locality varies .as much 
as 100 per and for this re.ason may be of importance locally, but these 
satiK' varic'ties grown in another region may have a reverse relationship 
iu legard to height. This h:is been w’ell shown by Harlan, who in 1911 
selec t('d tliirteen pedigreed barleys representing a wide range of types and 
panted them at four widely separated jioints. He found a marked 
" ^lon.d I espouse For example, Odessa w;is short and unpromLsing in 
iniuMjta and little better in California, but was very tall and vigorous 
>i)tii Montana and North Dakota. The Abv.ssini.an varieties, on the 
^ 'ai\, grow well in California but were very short elsewhere, as is seen 

" * If accompanying table taken from Harlan (1914): 
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Influence of Geographical Location on the Length of the Oi i m j, 
Representative Selections of Barley Grown at Four Widely Separmfu Poivj’ 
THE Selections Being Arranged in the Order op Their Height at ! AinPrji\j 


St. Paul, 
Minnesota 

AVilliston, 

North Dakota 

Montana 

rinVo. 

Californi;! 

Hardeum nilgare. . . . 

.'Servian 

Odessa 

s. P. I. No. 2n;i7, 



Ifordeum vulgare. . 


Manchuria 

flordeum truJgare . . . 

Surpri.se 

.Vby.'^sinifni 







Servian .... 


Surprise 

.Manchuria 

.S. P. I. No. 2037.) 

Manchuria 



Kitzing, fj-rowed . . . 

Summit 

S. P. I. No. -20375. . . 

.'Surprise . ... 

Mariehuna 

Ofle.ssfv 

Kitzing, 2-rowed. . . 

Kitzing. t>-rowe(l . . 

Oderliruckcr. . . 

Kitzing, O-roTOj 

Kitzing, 6-rowed ... 

S. P. r. No. 2037.5. 

SnuTn.a 

PriiK'C'.s 

Abyssinian 

Princeas 

.tbv.isinian . . 

Kitzing, 2-rowcd 

.Sra}'ma 

Abvasinian .... 

Kitzing. --ntwed 

Surpri,s(» 

Odessa 

Kitzing, 2-rowed. . . 

Prioress 

Hordeum vuhvm 


Length of ln.4 intcniode 

The relation of the spike to the leaf sheath depends entirely on tlir 
length of the last internode — thi' one on which the spike is horne. Tli' 
shorter the last internode, the less the spike will tie exserteil. The failHi'f' 
of the spike to he exserted from the leaf sheath has been iisei! repeatcilly 
in describing such barleys as the Smyrna and I'rineess varieties. Ihe 
fact that this character occurs in the same varieties in widely iliftcring 
localities is evidence enough that it is a true varietal character, but tlwre 
is considerable variation within thi' v'ariety. It is, liowever. characicn-tic 
enough in a few in.stances to determine a variety. In the 
classification the length of the last internode is iiseii in varietal dc'^ci iptinie. 


Number of nodes 

The number of nodes varies from tliri'e to seven in diffeient \:iii<'tus 
but in all ca.ses there is sufficient variation within the varictic' i'> caiiA 
an overlapping, thus making the character uncertain. The o 

leaves to a culm is identical with the immlx’r of nodes and coir' 'pi'" ■ 
varies in the same way. 

Hoots 

So far as it was deierminod, (here are no varietal differenc' - 'i 
that can tie employed in cJas.sification. The ratio Ixitwccn top' 
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may vary to some extent between varieties, but similar variations occur 
B'ithin tlic variety as a result of local conditions. Consequently, root 
chaiaetcrs arc of no value either for classification or for descriptive purposes. 


Ilahil of plant in early growth 


Tho habit of the plant in early growth is very important because it is 
bv this character that spring and winter varieties are separated. The 
liffcrciua' a])p('ars both in th(' number and the attitude of the culms and 
in the number of leaves. The ordinary spring varieties of barley have 
1 small immber of culms which stand erect at all stages of growth, and 
Duly a lew basal leaves. Winter varieties, on the other hand, have a 
anif' number of culms and Icavt's which are more or le.ss decumbent 
luring the ctuly part of the development of the plant. It is at this stage 
hat '^ucli varieti('s pass the winter (leriod. In the spring, when new 
'I'dwth Ingiils, a few of th(' many culms (dongatty jiroducing the flowering 
italks and th(' grain of the plant, while the others remain uiuieveloped 
md soOner or later disapp('ar as a vital part of th(' plant. 

If thesi' saint' varieties art' seedetl in tht' spring, a large tuft of leaves 
uiil very short culms are jiroduced t'arly in tlu' si'ason. The plants will 
eniain at this stagt' for a cotisitleralik' period Ix'fort' iht' flowering stalks 
lit' product'll: ill some cases, in fact, tht* llowt'ring stalks entircl}' fail 


o appi'ar. wliih' those tliat do ap[M'ar tire tisutilly infertile or produce 
t'l,' littli' tiiiiin. For tliis reason, it seems tlmt a dormant period is 
WTiled fdi' the proper dcveloiiineiit of these varii'ties. 

An intci mediate coiulition, wliicli may Ix' calk'd semi-erect, is also 
wild in some varieties, in which the nuinbi'i' of culms and leaves is above 
a\(iaoe lor b.uleys anil the culms tend to sprctul out to some extent. 
‘>f Mich vtiiieties art', however, spring vtirit'lics. This chtiracter can 
" Will oiilv in varietal de.scription. 

'"' t ion bt'twet'n winter litirleys and spring barleys was made 
tunl by ( 'ark'ton (1910) in descriliing varieties, but 
an important distinction iM'tween large groujxs of 
Pi’osi'nt chnssificat ion the haliit of the plants in early 
' d only in minor separations. 
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Emergence of aicns and spikes 

The date at whieh the head appears is a note that has been KonoralK 
taken by all barley breeders as well as by those studying varietal difforences 
More recently this has been replaced by a note on the date of appparance 
of the awns. Harlan (1914) showed that the latter is more nearly accurate 
and easier to obtain than the former. This has proved to be true in tb 
present investigation. The only objection to using the date of the 
emergence of the awns, instead of the date of the apix'arance of the head 
is that hooded and awnless varieties cannot be compared with awned 
varieties. This is not a serious objection, however, as this character can 
be used only to distingui.sh .strains within a variety. The relationship 
of strains in this regard varies with the locality. In the hnv ea«i'S of 
awnfe.ss and hooded varieties, it is necessary t(j use the date of the appear- 
ance of the spike as the distinguishing charaetc'r. The date of appearance 
of either the awn or the spike is so variable that it has no ta.xonoinic value, 

Time of maturity 

Ordinarily the time of maturity is correlated with the date of einergeiice 
of the awns, but. as is the ca.s<‘ with most othew correlated eliaractci'. 
•some exceptions occur. This character is of vahu' at time's, not only in 
distinguishing different varieties or strains in a givc'ti ('tivironmcnt, hut 
also in detecting mixtures in the field. pure .strain will inatiirc all 
spikes within a very few days, ddiis character is much mori' reliable 
when used in conru'ction with early-maturing than with lale-niatunng 
varieties. Late-maturing varieties are often rijx'tK'd abnomially b' 
unfavorable weather conditi(»ns. This character is us<'d in tlic pnseit 
cla.ssifical ion only in distinguishing strains otherwi.se .similar, and in varietal 
descriptions. 

Production 

The yield of varietic'S, although in a given region varying from 'Ck' 
small to very large, cannot lx- employed for cliissification j)urpo.'; 'S hccause 
it i.s almost wholly depxTKh'tit on environment. Conscciucntly, produetioa 
has no place in the present investigation. 

SI'IKE ClIAItACTKKS 

The characters of the .spike, inehnling variations in fcrtilit'k 
and rhaehis, are far rrmre irnfwrtant from the standpoint of cla dnea 
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ithan the gu)ss charactors already discussed. Some of these spike char- 
iactcrs which are the most conspicuous and the easiest to recognize, have 
been iis('d in all previous barley clas.sifications. In most instances 
eith(‘r density or fertility has been given first place in the formation of 

groups. 

The difierences in the characters of the spike are great and have been 
found to he constant under different environmental conditions. Because 
of these facts tliey have proved to be of much taxonomic value, and are so 
considered in the present classification. 

Fcrlihlij 

Barley varieties, as slated aliove, have been divided into groups according 
to the fintility of the spikelets, l)y all investigators who have worked on 
their classification. The first [ire-Linnaean divisions were maile on this 
cimracter when only two groups were recognized, the two-rowed and the 
feix-ro\v('d. Linnaeus likewise followed this scheme, but used in connection 
with it the density of tlu' spike, theri'by making four groups or species. 
Ill 1SS,5 Stpudi'l (cited by Kdrnicke, ISS.a) fully described a third degree 
of fi'i’tility. which he dc'signated as (Icficicn.'f. Kbrnicke (1SS5) recognized 
a fourth degn'c of fertility in his group, known as intermedium. Thus, 
four definite stages of fertility liavi' been r(‘cogniz('d as important in the 
formation of groups in the ca.se of liarley. 

hi ordi'r to understand the variation in fertility, it is necessary first 
to know the structuri' of the barley head. Barley, in common with all 
other iiK'inhers of the genus llordeuin, produces three single-flowered 
Spikelets at each node of the flaltiund iliachis. Structurally the, spikejets 
an \eiy similar, (uich having two outer glumes, a hunma, and a p.alea, 
"liieh inel()S(> the si'xual organs. In all cultivati'd Itarleys. the central 
diikdet ul tli(. scuies of three at each internodt' is always fertile. The 
^aiiation in fertility is found oidy in the side' spikelets, which present 
0111 slaucs ot fertility, as has already bemi stall'd. Tdiese different con- 
nUoiis 111 leiiility are as follows: (1) all thn'i' spikelets equally fertile, 
"I II ill,. |(.|,i||,.^j. projected into a terminal appendage, either an 

"I ,1 |„,(,|| .jj, kernels of the side spikelets 

lud r' heriK'ls of the' medium spiki'lets (fig. 51, A and B, 

A, lilt. II. vukjare); (2) all three spikelets fertile, but the lemmas of 
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FlO. .*>1. TIIK -.TRGCTI RK OK 'IX-ROV. KU IKRI.KYS 

A, Dor«al view of porfoct condition of fertility, where all •ipikclets arc cpiially fi'rtilc and 
awned: H, ventrat aiew of '.anio; dorvil view of secoicl r-i>iirlitinii of fertility. wli'To -iilc 
.‘•pikelets are fertile liut about one-half the lize of niesiiaii 'pikelels and not awiKsl: 1), ventral 
view of same 


tho .‘title spikelels withtnit tcniiiiitil ;ip|)ciiii;iKos. eiidinfr either in ;i pnint 
or bluntly, and the kernels ttf the siile spikelets tiboiit one-li.il! 'hr 
of the kernels t)f the nieiliiin spikelets tfifr. .')1, G and D); (3) (he ri'h 
spikelets infertile, but [tos.se.ssinj; rijilinienlary sexual tirptiis tinil nil 
structural parts of the fertile sitikelets exee[)t the terniintil tipitentltiK*'* 
of the leniina (fi)'. ■~)2, A anti IJ); f 1) the side spikelets infertile, wilheut 
rudimentary sexual ttr^tins anti with till tftruetural parts very iniKl* 
retlueed. In sornt; eases, only the two otiter >rlume.s anil a rudiineiihih' 
rhachilla remain as evddenee of the side spikeh't flifr. 52, (' and !’'■ 
relative position anti size of the spikelets in the various types i' ‘"''r''"*’ 
matieally shown in fijrure .53. 

7’hese ftair eonditions of fertility, pnrviou.sly recognized, have jnirnn ^ 
practically stable since they were first deseribeil. For this n > "'i. a 
beeau.s<3 they have Ixicn constantly u.sed in all trarly elas.sifien"'r'r' 
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are of the fjrcatest taxonomic value. Some intermediates between these 
stages have been described from time to time by different authors, 
especially Kornieke (1885). Most of these which were the results of 
crosses have proved to bo unstable and have sonc out of existence as 
varieties. Cros.ses between two of the above-named conditions of fertility 
give in the second generation practically all steps between the two parent 
types, hut these intermediates have proved heterozygous in future 
generations and have broken up in a similar manner to the original first- 
generation Ci'OSS. 

In the present classification, these' four conditions of fertility are used 
as the first and most imiiortant character in the subdivision of cultivated 
hurleys, for throe reasons; (1) stability in all environmental conditions; 
(2) ease of recognition; and (3) weight given by all earlier investigators. 



Fin. ,52. THE .sTKCrTfRE OF TWO-nowF.n n.eui.EYS 

all sIph •' third oomlition of fertility, whore side spikelols are infertile but possess 

f oyeept teriuiiiid appendiiKe of lemma; H, ventral view of same; C, dor.sal 

Men ,, , ' ''"'’'"tion of fertility, where side spikelcts arc very rudimentary; D, ventral 
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Fig. oS. DUGR.^.VMATir 'KETch of obo^-; 'Ef-nov- of -fikea of v.^niors tvpe' oi b«i,et 


A, ff. vulgare form : B, //. r■.lll/ar^^ M.-i'; foriiH. (\ II. inifrnirdiitm: I), //. 

fdon.'ie form); E, //. tli.ttii'hiin (lav form), F, //. d* tfciV/n 


Bril n ch -h ea lU /I luirh i/s 

Ono othci stnicturo soiiu-tiincs arisis in li.ulry.-', wliiili li:i> 
(inscriptions tn til’ writ toil of what were termed i^( rni-rowi'd, niiht-in""^- 
or nine-rcmnl burleya. Siicii a condition, which niinht he called a stay 
of fertility, i.s inonsilit about l»y repetitions of the tliree spikelel'^ at a tioili' 
In other word.s. instead of one .scries of three spikelels at eticli iiinle el lb 
rhachi.s, there are three .scries (fitr. .'rl). In the ca.se of tlie t\\i)-io\M'l 
liarleys. if this occurs remilarl^' a six-rowe(| harli'v would he pnHlneb 
Ijiif. instead of only ttiree .spikclets at one inlernode. ;dl of t'lii' li 
fertile, there would lie three f(>rtile and six infertile spikelels. H 1^**" 
.same thint; were to hap[K‘n in the ca.se of tin six-rovve(| liarley.s. an cislil'tn 
rowed hurley would result. .Vt each node of the rliacliis nin' ■ 

would afifwar. Xo instances have heen reporteil in which then 
such a replication at every node. ’I’he chaiitfe tisiiiilly comc-s ;it ei tie 
the base of the spike, and at oidy a small number of nodes. A 
deviation occurs when a true branch is formcrl which bears sink' ' 
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'each inteniodc just as the main axis of 
Ithe spike does. These likewise arise 
Incar the base of the spike. 

; Occasionally such deviations as are 
mciitioned aliove are more or less con- 
stant, but more often they are found 
to be variable, due to environmental 
conditions. In either case they have 
no economic importance and very little 
taxonomic value. Consequently they 
are not used in the present classifi- 
cation as characters of importance in 
separating groups or even varieties. 


Density 

. The den,sity of the spike in barley, by 
which is meant the number of florets 
to the unit length of rhachis, has been 
employed l)y all taxonomists in the 
classification of barleys, in one form 
or another. In thegu’atcr number of 
cases it has been given eiiual widglit 
with fertility in the formation of either 
speci( a or sulispecies. In fact, density 
has been considered by many authors 
a^' a I'esult of varying degrees of fcr- 
liiit.' ■ 1 his. however, can easily be 

dkpioved by making comparative 
weight, of the kernels of the lateral 
and ((aural spikclets of eith('r com- 
nion 01' (a vet six-rowed varieties. There 
i i as much difference between 
I luo groups of spikclets in the 
;u ii ti(>s as in the common. The 
ei-pj!*' " ' to density have gen- 

" 'iiwided into dense and lax 
r or (lie Qf varietal dcscrip- 

a “j. ' ■'"iiicko (1885) even mentioned 

(Ifai 1 dense forms into 

•nal very dense. 



FlO. 5J. TWO-ROWED BARLEY 

A, Spiko of branch-he.oded two-rowed 
barley; B, one internode of the rhachis 
with its abnormalities 
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It was not until Atterberg (1899) presonted his new systom of dassifipj 
tion that the density of the spike was made a character of minor iiupoit'uct 
In the earlier works, density and fertility were given about the .same 
In Atterberg’s new system, density was considered only after the chaiactw 



A B C 


FlfJ. .>j. RELATIVK OF RIMIIIIH 

I.VTKRNODE') OF BARI.ET OF UtFFEBENT 
DB.VHITIES f X 

A, Lax; B, erect; C, very denae 


of terminal appendage, outer glumr.frt. 
tility, and .side" spikelets.' Folhnvijj 
Atterberg. both Beaven and the iuvrstj. 
gatoi-s at Svalbf went hack to thf old 
system of con.sidering fertility and (leu- 
sity as practically of etpial iniixjilance. 
In Harlan’s rt'cent paper (19LS), (l,.n?ity 
is again employed only as a distinguish- 
ing characteristic between subvarieties, 
That there is a decided v;iriation in 
this character of the spike in harley 
varieties cannf>t be denied. The diffi- 
culty in th(' us(' of this charactiT lies in 
the intergradations between the douse 
and the lax forms. In a huge ci)lleetioii 
of barleys it is possible to find prac- 1 
tically all degri'es of density, fioin the 
very lax to tin' very dense. This diffi- 
eidty has Ix'en nieiifiened by earlier 
writers. Kornicke, however, ba.sed hs 
several .subdivisions on the vai'i:ttiffli la 
the density of the s[)ike. In tt)i‘ present 
classification, density is used in the-eP" 
aration of rather Large groups ni t'uni 
inercial varieties hut is not iiiii.'idta' 
as imporf.ant as either feriilii''- atlhei ( 
dice of glumes to the caryop'''- (eirain3 
appendage, or color. 

length of inlcrruKU'ii of rhocl 

The length of the irden ' " " 

rhachis varies directly with, : 

ciding factor in, density- 1'- ' 
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' mimtion r\ TitE AVCi.B OF iNrr,is\riON ok kkunei. Mini khaciiis 
A, Chevalier; B, Goldthorpe; C, Fan barl<‘y 
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has boon used in the determination of density by several invest i;;atiji\ 
cspecialh’ Attcrbcrg (1899) and Harlan (1914). Atterbcrg used the anr- 
age length of the internodes as the chief character in scparatiii}? hi? sul> 
varieties. In the present classification, the length (jf internodes has hpp.j 
fouml very useful. In two-rovved fornis. three quite distinct groups \uif 
found centering around the lengths 3.3, 2.5. and 1.7 ccntinietcrs tot™ 
internodes, or, in other words, giving a nilio of almost 2: I. .VI dig. ,5.5, 
In the si.\-rowed forms the very den.se group w;is not so distinct. Varia- 
tions from the genenil tivt'rages wi'n* found in nniny ctist's. These If.^str 
variations can be us('d only in de.scripl ions of vtuaVtics uinh'r Iik(> environ- 
mental conditions, and would not ni'ci'ssarily hold if tin' spi'ciinen.s ware 
grown in different localities. Tin' larger differences, howi'vr'i, are little 
influenced by environment and can consi'quonlly in' u-sed in cLisdiica- 
tion with a considerable degree of certtunty. 


\ 



Fio. 'll. vabutio.vh i.n the attiti/db of the spike in lax and or'' ‘ ' 
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Angle of inclination of kernel 
The arifile of inclination of the 
kernel is only another expression of 
density. It increases directly with 
the density and inversely with the 
[length of the internode. Tlu' shorter 
The internoilo, the great ('!• is the 
[angle (if inclination of the keiaiel 
[(tig. 56). This character is, how- 
:ev(‘r. harder to determine and less 
accurate than the length of the in- 
ternode. For this reason, length of 
inteniode is given preference in the 
present study in the determination 
of density. The angle of inclination, 
novcrtheles.s, has been used by the 
Pvalof investigators in describing 
varieties. 



Attihiile of spike 

The variations in the attitude 
the relative position of (he spike 
regaid to the culm, sonii' of win 
shown in fig,,,-,. , 57 . aiv likewi 
closely correlated with the length 
the mternodns q.'' the rhachis, at 
>r this leasoii may be disreganh 
n most eases. They are of vah 
• 'V'liption^ ,jf Yan(.ti('s and 
comparison of widely difTero, 
‘“’'mntage which th 

nination 'f •■“icte 

^=^vorabl 

«'l n IK 1 • conditioni 

ication only"'/'’" 

> connection with th 



I 


i 


A B 

Fio. 58. HORDEUM .SPONTANEUM 

A, Entire apikp; B. one iiiternode of rhachis 
with spikelets attached 
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leng:th of tho internode. This character has been used in (onnertinn 
with density by practically all previous investigators. 

Articulation of intcrnodcs of rhachis 

In the wild types of barley known at i^resent, the rhachis so|)aiatfs at 
maturity into as many segments as there are intcniodes in tlu' ihadii^ 
This separation is by disarticulation and not by rupture (fig. .jSi. I’adi 
separate segment remains attached to one sjiikc'li't. In the ciiltivafid 
ty|X'S of barley this .s(‘paration docs not take place; the rliachis litlur 
remains entire, or. if threshed, may be broken to pieces l)v mptiiip lait 
seldom by tlisarticulaf ioti. In either ca.s(\ however, no ])art of it leniaiiis 
with the spikelets. Xeverthele.ss, there is considerable variatien in ilii> 
character of the rhachis in cultivated barleys. .Mthough no jmrt i if the 
rhachis remains with the thresheil grain, there is a tendency in cciiaiii 
varieties for the rhachis to separate easily into tin' various segnimt' at 
maturity. This difference is a matter of (h'gri'c, and as a coiK-iaiuciK't' 
cannot be u.sed as an important taxonomic character, but it has cn!!- 
siderable value in varietal distinctions. :uid is usi'd in that cenncitinii 
in the present paix’r. 

'I'his character h;is not br'cn used by pie\ious in vest igators either ae 
ii group characteristic or as a varii'tid tliffi i-enee. 

SPIKELET ( IIAI{A( teks 

The spikelet in the ca.sr- of barhy ])resents sever.'d charnctei- .'huh 
are very important from the st.-indpoint of classification, m M'On'l (Til) i ' 
the two [uincipal s|)ik»’ characters alreati\’ diseiissed. 'hhe nio-t \,iliialilf 
.'pikeht chanicters in bjirley are tlnrse of thi' (arvojisis. tin' glunii-. aial 
the rhacliilla. 'I’he.sc present wiile differener'S. nniny (if which li i"' 
found to rem.ain constant urnier ;dl environmental conditnci'- 
have found sr'coinl place in cla.ssificat ions beeau.se of ililhciil'f u' 
determination, and in stnnc cti.sr's of intr'rmediticy 

The fjrain 

The term fjrain, ;ih u.sed in thi.s [niiter, when applied to hnll"l 
includes both the ctiryoirsis and the adhering lemma and ph. 
when the term is applied to hull-les.s varieties, only tin; citry"!' e 
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sjilf'icd. In other words, qrain is tho term applied to the threshed product. 
The fiiaiii of harley presents several important characters, both com- 
iiiereially and taxonomically — comixisif ion, size, shape, and color. 


The (‘(anpnsition of harley frrain of the hulled varieties is a subject that 
has heen fiivi'ii inucli study in connection with inaltinp;. The composition 
of lii.ll-h'ss varieties has not, however, been giv'cn erpial consideration. 
For this leason, and because the same variations occur in each form, 
(lata for only tile hulled type are |i;iven herein. Beaven (1902), and 
L(’ Clcrc and Wahl (190it), report a lar^e number of analyses of barleys. 
From tlicse data it is apparent that composition is influenced much more 
hy environnu'nt. rainfall, tenijn'rature, sun.shine. and fert ilizeiT;, than bv the 
variety, Tlie followiiifi t:dil<' from be Clerc and Wahl illustrates this fact: 
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1 he (liliei-ence in tiu' composition of thi> sanu' variety' in ilifferent 
l'"’aiit!e> IS Imich greater than the difl'ercnce 


in the composition of different 
lain lies 111 (ii,, same locality. This is (\sj)(>cially true of water, protein, 
ami a^li cni. tents. These data verily |)revious work alons thi' same line. 
a„aiil,e,-.s of this truth, there is a .itroiif? tendency for' some varieties 
II ii(eNe>^ heritable differences in composition. 'Fliis character may in 
'aiK in>tances bi- u.sed in different iat inf? varii'tic's that an' srown under 
’'ame environment, but in a clas.silication of barlev varieties 
am lit lie jilace. In the present investigation the composition of the 

-mill I,. |,|,t used. 


ao i.ice size of the grain has been u.sed bv agronomists generally 
' '"‘tf varieties and strains, but the differences are usually very 
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small in closely related saiiiides, inakiiif; ils value doubtful. It is, howevor 
more significant in the case of widely different grouijs. But Ju 
instances other more reliable and less variable charactei's arc iisualh 
present. For thi'se reasons, and because it varii's greatly with the 
environment, it is used in the present classification only in varietal 
descriptions. 

The variation of the size of graiii within a variety may, however, be 
significant as an aid in determining the groups to which a variety helonga. 
if the samph' is thn>shed, .\11 grains are of approximatidy the same .hzc 
In the two-row ':! groiiirs, while in the si.x-rowed groups one-thinl of the 
grains are noticeably hirger than the other two-thirds, and in the iiitw- 
media.te group one-third are appro.ximately twice the size ot the otlw 
two-thirds, The.se distinctions are valuable only in connection with 
threshed grain. In the ea.se of threshed samples of hull-h'.ss type.v tlih 
variation in size may be the only way of distinguisliing two-nmed frcir. 
^ix-mwed varieties. With thn'shed samples of hulled types, however, thr 
shaiH' (jf the grain, as di’scrilred later, is more relialde in (letcrmiiiinggroui)'. 


Slmpr 

'I'he difference in shape of the grain between th(' two-rowed and tie 
six-rowi'd hulled types h.as become well established as a group dislinction 
(fig. oO). The grains from the lat<’ral spikelets are all more or less twirtc. 
in the six-r<jwed varieties, while thase from the central .si)ikelct.s am all 
symmetrical in contour. In the two-rowed varieties all the grain.- 
symrnr'trie.'il in contour, since they are prodiiceil by the central .spikeb*' 
There is a difference even Ix-tween the .shape of the grains of Ihc bvo- 
rowed varieties and the gniins of the central spikelets of the -ix-ic"n 
vnnieties. d’he grains of the ciaitral .s[)ikclets of tlu' six-toai d ' aii ^ 
arr broadest near the tip, while those of the two-rowed 
bro.atlesf near the ba.si-. This difference has lieen u.sed by the 
investigators as a grmip distinclioti, and is tised in the irrescnt 
tiorj ofdv for .a study of threshe<l grain. It has no value in ni n 

threshed s.amples of hul!-l<-.ss barley, becau.se all grains are s.\ niMc lnn ■ 

due to lack of eom[)re.s.sion by the glume.s. 

d’he differraiees in sha|K‘ to be found lad ween varieti(“.s in 
groups aro vory suiull uiul iiiu.st tx.* bitsod on inciisurcnicnts oi ' 
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A 

FlO. 59. DIFFEREN’CE IN APPEARANCE OF VENTRAL VIEW, OF GRAIN OP TWO-ROWED BARLEY 
AND OF GRAIN OF LATERAL SPIKELETS OF SIX-ROWED BARLEY 

A, Grain of two-rowed barley; B, grain of lateral spikelets of six-rowed barley 

diini'iisidiis. Tin- most ivlialilc and li'tist iiiHucnced by environmental 
ciiiulitioiis. as found by Harlan (191 1), is in leiifith. By this measurement 
it is po.ssible in a fmv insttmei's to distinguish between certain very similar 
varieties or strains. Tliis character is used only in varietal description 
ill the present classification. 



file color of both the caryopsis and the glumes (lemma and palea) 
lia.s been used in practically till classifications th;it have appeared. The 
Use, however, has not been consistent, jiroliably liecause the nature of 
'liu pi.miKaitation of t-.arli'v was not understood. The following colors 
i.i\e !)(.(. II elassifications by various investigators: wliite, yellow, 

Tick, violet, purple, and blue-gra.y. Tlie use of color by Beaven (1902) 
lilac lie jriven as a tyjiical instance: 

^ (-) the seed (caryopsis). 

o\\ or white paleae and seed. 


V i 111!" or white paleae with blui.sh-grey seed. 

(di IM P" ‘“111- 

’ ^ P'd' iP'. The colour of the seed (caryopsis) when naked in the two latter cases 

.iKo varies. '■ j i > 


Il l'll I he term palcrie to inelude 


both lemma and palea. 
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It remained for Harlan (1914) to make a detailed study of the pij 
mentation of barleys. This work has aided materially in giving an 
understaiuling of the variations in color, and in clearing up inconsistencies 
As a result of his work. Harlan found that all pigmentation was the result 
of only two pigments, anthocyanin and a melanin-like pigment. He 
found four color conditions to exist as a result of the total absence or 
the elitfercnt location and combination of the pigments, as follows: 

1. (a) Hulled varieties without pigment in either lemma or aleuroie 
layer. 

lb) Hull-h'ss varieties without pigment in the aleurone layer or in 
the pericarp. 

llither of the.^e conditions results in a white or a yellow barley, 
* 2. (a) Hulled varieties with a blue aleurone layc'r showing through tlie 
superimposed lemma. 

(b) Hull-less varieties with a blue aleurone layer showing through 
a pericarp containing no pigment. 

Ilither of these conditions results in a I)lue barley. 

3. (a) Hulled \ arielies with purirle lemina-;. 

(b) Hull-le'S varieties with l>hi(' aleurone ami red pericarp, 

Kither of the.-,e conditions results in a pnrplc barley. 

4. (aj Hulled varieties with black lemmas. 

(b) Hull-less varieties with black ix'rie.arp. 

Either of the.se conditions results in a black barley. 

-Vnother color condition sometimes a[)j)<'ais in immature white or 
yellow Ijarley.s. The lack of tn.aturity eauVie.s the dev'elopttiont of a greciihh 
color which i.s probably not due to any jtigmeiit. The blue and puiph 
color eonditions mentione<l ;d)ove are due to one pigment, anthocyaiun. 
Ill an acid condition this apjiears red and in an alkaline condition it 
bine. The comhitiation of the two iiroduee jiiirple. The black coha >' 
due to the nielanin-liko [tigmenf, which i.s unehtuiged Ity tretilmcid ailli 
either an acid or an alkidi. 'I’lic brown color as used in some elas,-ilicad'"i' 
i.s without doubt a black, and con.sefjuently has in most cases, it m’t 't' ® ' 
very little taxonomic value. 

t'olor as used in the present ehussificaf ion follows the grou[)iiig as P*'® 
above. Because of the ea.se of recognition and the distinct coiiiliti® 
of color, it i.s given an inifiortant [ilaeo herein in making the varioie umt'P’ 
The bine condition i.s the only one which is at times difficult to ircogni^f 
In the case of hulled barleys, the color may be obscured by uiathruOr 
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at harvpst time unless conditions are very favorable. In these instances 
it is necessary to remove the {rlumcs in order to detect the color. If there 
is still doubt in regard to the presence or the absence of the blue pigment, 
the question may be determined by a simple chemical test which consists 
in dropping into a weak acid solution some kernels whose seed coats 
have been cut through. In a few minutes, according to the strength 
of the solution, a pink ring will appiair in the region of the aleurone layer 
if any pignient is present; if no pigment is pnasent tlu-re will be no color. 

If barleys under study are immature, another difficulty may arise in 
determining color, since pigmentation is developed in the last stages of 
maturity. If harvest takes place too soon the dm'elopmcnt is .somewhat 
arrested, .and this may cause ditficulty. 

Pigmentation likc'wise occurs in oth(*r parts of th(^ plant, particularly in 
the leaves and tlie stems. The pigimait coneeriKsl is u.sually. if not 
always, anthocyanin. 'Die a.ppearaiua' of coloration is, however, not 
normal in most cases and is nc'vi'r reliable as a taxonomic character. It 
isually appears as a result of arre.sti'd development, hastened maturity, 
31 other abnormal conditions due to malnutrition. 


The Icinindy^ or Jlowi rin<i glume 

Xo otlici- singh' structun' in b.arley gives so many mor]rhologicallv 
mpurtani characters as does the lemma. Some of the clmracters of this 
i|iU(tuie lia\e been u.sed by all investigators who hav(' attmnpted either 
• a. Mti(alion.^ or descrijitions since th(“ time of binmi('us. 'rindr relative 
poit.iiKc has not been the same in all ea.si's, lait without excf'ption the 
I ualmii of laigo groups has been made b^' the u.se of one or more of 
icmiii.a characters. 

j' "^ Ills alre.ady been discus.sial in connection with 

Ruiins, and need oidy be mentioned here. The remaining 
characters, the variations of which are constant in 
^ ''■ui(lics or grou[)s, are the adlu'renee of the Imnma and the 
" <ai\opsis. the terminal appmidagi', the number of nerves, 
'if the lati'ral nerves, and the ba.se. These characters are 
Cl tile al)ove ordi'r. 

■r nt instead of the term flout-rmn yhirne. Not only is Irtntiui 


he h 
iseib 


‘ Ti„ 

htl')) ■ 

It' V., 


al.sfi t{n> to <listi£icui!slt this strurtun' froni tlio outur jflunics of 

r. '<r uiiitwv ‘'tMiuiionly uwnI l»y iiffroiioniist.s It i>. howuvur. ntorplioloKirally 

the of fio’r *«?'"*’**’ striiuturo'' oo thv tiitiio axis of the spikclot. 

glumes of the spikclet by arising from tho Mx-oiulary axis of the spikelot 
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Adherence of lemma and palea to canjopsis 
Two very different and easily tlistinguishablc conditions exist in i-pgarj 
to the adherence of the leniina and the palea to the caryopsis. The 
condition that is probably the more characteristic and the more ptimiiive 

I is the one in wliich both 

the lemma and the 



palea are grown fast to 
the cary()j)sis at ma- 
turity. This iiniun 
takes place neai' the 
time of mat mil y. when 
the caryopsis has 
reached its inaxiinuni 
size. Varieties with 
this characteristic are 
known tis hulled har- 
h'vs. In eiinlrast to 
these, some varieties 
fail to form a miieii 
betwi'en the leiniua 
and pjdeaaiid ihecary- 
ojrsis. In such cases the 
ctiryopsis at maiurity 
is easily .se])aiale'! Ircni 
the hiinma and the 
palea. \’arieiies wiih 
this characteristic are 
known as Imll-lcss. ci 
naked, barleys 


Fig. 60. diagrammatic .sketch of barlf.t spikelet Thesi' contrasting 

1, Ithachts, or primary a.xis of spike; 1.', primary axis of spike- charactl'l S were fll-t 
let; -i, outer glumes; 4, lemma of flowering glume; .i, awn; 6, hv l.innatUS 

palea; 7 , stamens; 8, pistits; 9 , rhachilla '■ ‘ 

(1753). By “5 

he made two groups ea<4i of Itix six-rowed and hix two-rowed h.nicws 
but did not consider them sufficiently important for Ihe estal'lislmni'* 
of species. They have since lieen u.sed in all cla.s.sifical ions iuih^*** 
ant taxonomic characters. 
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Thoie is never any question in determining this character in mature 
gniin because intermediates do not occur. Even in crosses the inter- 
mediate condition is not found, a fact which is not true with many other 
characters in hyhrid.s. No established variety from crosses of hulled and 
hull-less types shows 
iiitenncdiacy. Because 
this character can be 
readily ohsorved both 
ill threshed and in un- 
tlireshml grain, and 
bpcatise of the total 
lack of intermediates, 

A is second to no 
other Ciiaracter taxo- 
nouiically; but because 
of precedence and the 
priihiilih' evolutionary 
di'veloptneiit, it i.s given 
second place in the 
present classification. 

Tfnniiiiil appendage 
Iheteniiiiial appond- 
ASe of the lemma in 
jwdecs may he divided 
i'Ao ili,v(. types: the 
ooriiial, or awned (fig. 

®<'htlieau-iiless(fig.68), 

“'1 til" hooded (fig. 67,’ 

D and I)j 

^1“' ni.rmal typo is 
simply by an 

-A'teiiMi 

tss k 



Fio 61 . Variation in barbino of aivns 
A, ItarbeU; 15, .siiiootli 

Vascular system of the lemma info a lung, pointed proe- 
I'om t),,. The awns of most barleys arc barbed 

\ f,. ! ' lip. I his, however, diHcs not liold for all varie- 

oioie' ^'“ve siiKKith awns (fig, 61, B). and 
Are eing produced by hybridization. The smooth-awned 


ae.-: 

uaii\ 
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character seems to lx> of recent origin, as it was not (lesciili(d 
early writers on this subject. Recently K(3rnieko (1886), Hcni l kki^ 
and Harlan (1918) have described this condition as characiciMif „f 
some varieties. Professor F. P. Bu.ssell, of the Department nf pia„j 
Breeding: at Cornell Universify, has recently produced a smodth-awiipj 
tyjx' from a cross betweei two varieties with barbed awn^ This 
character, whenever found, seems to be constant and is of cmi.-idiidilp 
importance in distinguishing varwtit's, and is so usi'd in the present i 
cation. In certain varieti(‘s the awns tire only sj)ari:igly barbed or are 
barbed only for a part of their length. Fsnally lh(' up[)er third i> hadd 
in such ca.ses, while in other varieties, paid icultirly in the deiisc-hraiilfd 
types, the barbing is ver>' profuse. Thus, consiih'rable variation i' fuiiid 
in the degree of barbing. These le.xser variaiions liavi' little taxonniuic 
value, as they are usually tis.soeiated with more importtmt chainctPis, 
They have never bf'cn u.sed in pievious el.issifications. In the lUT'ant 
cla.ssification they are used in varietal deserijilion. 

.\ marked ditTereiice likewi.se occurs in both the deciduou.sjicss ar.d tliH 


rigidity of the tiwiis of dilTerent vtirietie'. Some varieties, u hen iiuiluiv, 
drop their awns ven.' rraidily, and hy threshing time the spikes are i)r:ii'li- 
cally hare of awns. Most varieties, howi'ver, liold their aw ' vni 
.securely, some being broken olT witli diHiculty even liy thii 'lii'a; ’ llii' 
second condition i.s usually a.s.socjatcd with ;i very rigid, coai-e ruir 
These differences e:m lx* useil only in varietal descriptions 

Some notiemahle vtiritif ions occur lietwetai varieties in the leimtli ainln 
the width of tiwns, but these are significant in variidal d(‘scriiitie:i' 'tih 
when a.s.sociatod with other charaeters. 

In the awtiless type, us the term .signifies, flic lemma ends iitlw I'l i 
point or tiluntly. The awnle.ss lemmas ace always found mi dn' -''’‘“I’ 
side spikelets of the two-rowe<i barleys, and occasionally on dn tiitJi’ 
sirle .spikelcfs of the si.x-rowed. The awnless ty|)<“ was ih -' iiliol ■ 
Kornicke (1886), and has Ixam used since in de.seribing eerfain I'pc' J®' 


often in differentiatirig large groups and even sjK cie.s. 

The third type of terminal a[)j)eridage is found on vvliaf n' 
as hooflerl hnrleyfi. Here the normal awn is re[)laee<l by n 
structure known as the howl. The morphirlogical .signihc.im ' <> 
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yppondasic is not fully iindorstood, but it sooms that thoro is a partial 
rpppfifioii of tlip spikolots of a iiodo, the throe parts of the appendage 
ropresoiitiiig th(' lemiuas of the three spikelets. These glume-like structures 
frequently bear rudimentary sexual organs, but are seldom if ever fertile. 
Ilhe origin of this type is unknown, but it dates well back in cultivated 
barleys, since it was described by both Sehiibler tl818) and Seringe (1819). 
Since ihat time it has been used by all investigators along this line. The 
hoodid condition usually tippears on all fertile spikelets, but in certain 
six-ro’.ved forms only the nu'dian spikelets are hooded. The only varia- 
tion of importance in the hooded types is that found in the location of 
the hood Commonly this structure is .sessile, but in certain varieties 
it is elevated on tin awn to a greater or k'ss extent. 

The three main types of barleys in regard to terminal appendage are 
of very great imporfatice in the systematic grouping of cultivated barleys, 
both hecattse of thtar consttuicy tuid bec.au.se of the etise of determination. 
They an- .second only to fertility tind adherence of the lemma and palea 
to the caryopsis, in the present classification. 


iiiuIh r Ilf nrrrifi nf Icmnut 

It is generally chariicteristic of the entire Hordeum genus to have five 
nerves in the lemma — one dorsal, :uid two lateral on either side, all of 
vliich are tiMi.ally r.ather obscaire. In cultivtited vtirieties of barley, the 
ininiber occasionally is iiicreast'd from five' to seven, and iti some cases 
the nerves become very consjiicuous. Tin* hitti'r variation is a matter 
01 (leaiee and can be usi'd oidy in v;iriet;il di'scriptions. The increase 
'0 the nundier of nervi's is, however, very definite and noticeable. For 
this K'asoi, i) j,, niaking more important divisions were it 

not bn ilie tact that it occurs very infreiiuent ly. 

he variation in the number of nerves nor that in their 


Xeiljn 


pmniini'pce has been used in previous cl.assilications for thi* purixise 
"iiiiiiar niain divisions or in describing vtirieties. In the present 
c I sifii ,il ioii these variiitions are employed in order to separate certain 
'•oiclif's II, (la, lapjrpp groups. 


,j.| h'b'oi/ uerres nf Irmmn 

f iliation in the chtiracfer of the two hitend iterves next to the 
"t'‘C was first pointed out by Neergaanl (.1889). After careful 
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study, he found that in certain varieties these nerves were toothed ot 
barbed, while in other varieties they were perfectly smooth (%, 621 , 
This character proved to be constant and reliable. As a consoquonpc it 
has been used widely in Sweden in recent years in differentiatiiip; certain 
varieties which were similar in all readily ob.servable character.'?. Some 
workers following Nt'crgaard, particularly Broili (1906), have held that 
this character was not constant, while others have supported Xeergaard. 
As a consequence of this doubt as to tlie constancy of the character, it 
has not been used widely by recent investigators. In the present 

classification it is used to 
make rather important divi- 
sions of agricultural varietie?, 
particularly of the tworowed 
sorts. 

In employing this char- 
acter, it is neces.«ary in many 
ca.ses to use a hand lens in 
order to lx* .sure of the pre.?- 
ence or the absence of the 
barbs. The character vans 
in a simihir manner to the 
l)arbs on the awns. In snnie 
varieties the barbs e.Mcnd 
along the lateral nervee 
nearly to the b.a.-e of the kernel, while in other varieties there is a 
complete absence of barb.s. Between these two conditions there 
practieally all degrec.s of barbing. This eharacter, however, .seem.-' to 
iridepenflent of the barbing of the awn.s, ns .some smootb-awned 
have barbed lateral nerves and many varieties with barbed awns a\e 
smooth lateral nerves. 

Bo-sf of lemma , jp 

The variation in the shape of the ba.se of the lemma was fir^t ” 
di.-tingui.-h large groups of barley.s by the Swedish ^ j 

differentiatr'd the ereet compact forias from the no<lding lax 
rowed barley.s by the character of the ba-se. The first work on th' 
systtan wa.s lx,‘gun by Attcrbcrg (1889) and Bolin (1893). 




Fio. 62. v. 4 Rr.\TTO.N iv b^rbivo of i„\ti:b.m, vervf..s 

OF LFMM< 

A, Smooth lateral nerves: B, barbed lateral ner^'ca 
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n fmins of the two-rowod barleys are characterized by a slight horseshoe- 
haped depression at the base on the dorsal side of the kernel (fig. 63, 
t and B). fAs reported by Atterberg and Bolin, this difference was for 
Hilled varieties only.) Associated closely with this character is the type 
if hasilar connection of the kernel to the rhachis. The attachment is 
educed to a narrow band of tissue, which .separates at maturity leaving 
ft smooth surface. Contrasted with these two characters of the narrow 



B CD 


Fia. 0:3. V.\HIAT[ON IN SHAPE OF LEMMA BASF 

B ' * lemma ba.sp of lax-hcadod barley, showinR hnrseshoe-like depre.ssion; 

'C'' "amp; C, dorsal view of lemma base of dense-headed b.arley, .bowing cross 

-rcasp, I), view of same 


foiin-, (he dense erect forms hav(> a basi' which is often pinched in 
h>P< ii.iii|.(. transverse creasi* or furrow just above the point of 

•|hi(Iiini.,,( I, at horseshoe-1 ik(' depre.ssion (fig. 63, C and D). 

^ 'j connection associated with this tyjie of lemma is broader, 

"hen separated leaves a rougher surface than does the basilar 
1 11(111 ,,f forms. 

]ii., , * thi'se characters have been usiul for diTenuitiating only 

'* Avo-rowed hulled types, they hoUl eiiually true for threshed six- 
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rowct! hulled barleys and for hull-less types which are still in the spitp 
Their value in classification is somewhat limited because thev ar? 
associated so closely with density. 

The outer glumes 

Each spikelet in barley, in comtnon with practically all inciulnr, 
of the grass family, is subtendi'd by a pair of empty ghimes, or Ijianc 
(fig. 60). These glume.s in tin' case of barley are usually covered «ifli 
fine hairs, are lanceolate in shape, and (uid either in awn points t)riii .-liort 
awns. However, all three of these characters of the outer gliiines vaiv. 

Occasionally varieties appear with expanded outer glumes whieli aiP 
almost ovate in shape. This ovate sliaix' appears in a few varieiiis on 
all si.x of the outer glumo.s, in others on the outc'rmost two. and in rarer 
ca.sc3 on the middle spikelet only. The sliape of the out('r glunns wat 
first used by Kbrnicke (bSSo) for the .separation of v'arieties, Inil vaMiot 
con.siderod of very great importance. More recmitly Beaven (1902) and 
Harlan fl91S) have given it more weight as a taxonomic character, 
Another variation in shape of the outer glumes, which has not Ira 
previously flescribed .so far a.s the presmit writer know.s, is in the ter- 
rninal appendage. In very ran' ca.ses. hoods apj)ear insti'ad of amis 
on the two outermost outer glumes, d'liis variation has las'ti toiind in only 
one variety, anil at ini .sent it has no value in ela.ssificat ion. 

Again, varietal ditlerences occur in tlie length of awn on the outer 
glumes. Thi.s was first illustrated by Muuro and Beaven tlttlXtn h' 
some ca.ses thf,- awns on the outer ghimes .art! rdmosl as long a.s the aivns 
on the lemmas, 'i'hi.s variation may ota-ur tin the outer glumes of the 
two lateral s[)ikelets, on the median sjjikelels only, or in rare ruses on 
all fhret’ spikelets of l)oth the two-rowial anti the six-rowetl types. 

The tlifference in hairine.s.s ttf tht! outer glume.s is only in di'SifS 
In many varieties the glumes .art! well etjveretl with long, sir.aigit' hiius 
while in many tuhers the hairs are mueh shorter and n'lt neatly so 
abiinilant; in rare taust-.s the ghimes tire prjictitailly gl.ahnuis 1 o* 
variatituis, fur as observations have gtme, are alwtiys as.sun a'eil 
similar but mttre apparent eharaeters of the rlia'diilla. 

All the variatjtjns itt tht: ehanieters of Iht: outer glumes .are of 
im|Kjrtance in classification, cither lx;causc they occur so rarely "i 
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■hey nre closely associutod with other structural chara-ctors. For these 
•easons they are used in the prescait classification only in varietal 
lescriptions. 

The rhacliilla 


The rhachilla, which is often known as t he /wi.vu/ hrisllc, is the prolongation 
)f the primary axis of the spikelet beyond ilie last floret — in the case 
)f l):irley the only floret. The entire structuri' of a barley spikelet is 
shown (liagraminatically in figure GO. In perfcLtly .sessile barleys the 
rhachilla is th(? only evidence of the priiuary axis of the spikelet. It is 
more or less hidden 
in the groove on the 
ventral side- of th(' 
kernel, remaining 
unilisturhed in the 
case of hulk'd bar- 
leys wlu'n the grain 
is threshed. The 
rhaehillii jiresents 
one pair of diffeia'ii- 
tiating characters 
which is of very 
gi'cat taxonomic 
vahu'. Ill one grouj) 

of varieties the rha- imACHiM./ 

chilla i.s short and is ^'”'’^■^•“'’*''1 rhapliilla; li. shorl-l, aired rh.aehilla' 



1 aimLiiitl'^ covered with long, straight, hairs; while in anothi'i’ group it 
IS a iijijst twice as long and is covered s|>aringlv with short, curly hairs. 

S' nig a woolly appearance to tlie whok' structure. This ilifferencc is 
I'fnstrati'd in figure G4 

on tl" nharaefc'rs, like the variation in the eharacti'r of the barbing 

nerves, was diseovi'red by tin' Swi'dish investigators. TTiey 
V'lliK * 'i**'*^ ''‘‘■'’iotion in the rhachilla evi'ii more reliable and of greater 

variation in the btirbiug of tin' lateral nerves, in the 
hc'itj '^*'‘*'*'*f Inirley varieties grown in Sweden. In the presc'iit classi- 
„ " . characters is employed in the separation of the lesser 

^ '''"1 varieties. 
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Occasionally another variation occurs in the rhachilla, in that a nidi, 
inentary second floret is produced. Thi.s variation has been used 
sionally in describin,? varieties, but. .so far a.s the obsei’vations niadf in 
the present study go, it is of little or no value. It seems to b(> the nsult 
of either a sterile first floret or poor adaptation. Whenever it apiioars it 
is usually in conneetion with poorly developed heads, not as a 
characteristic of any variety or group of varieties. 

SrM.M.\I{V 

In order to eliminate po.ssible confusion in o'gard to tht characters 
u.sed in the present cla.ssification and to gain some idea of tladr relative 
importance, the following britd summary of their use herein is given: 

To distinguish species and .subspecies: 

1. .\rticulation of rhachis 

2. Fertility <4 lateral .spikelet.s 

3. Prew-nce of .sexual organs in side .spikelet.s 

4. Pre.serice of terminal appen<laKes on leinnia.s of .side spikelets 
To fli.stingiiish the several v.anotics wnihin large groups: 

1. .Vdherence of lemma and pah-a to raryopsis 

2. Variations in terminal appendage 

3. Color 

4. Density of -spike as determined by 

a. Ikuse of lemma, or flowering glume 

b. Dmgth of rhaehis internisle 

c. Width of .spike 

0 . Character of rha'-hilla 

0. i^re-s-Moe or atisenee rif barbs on awns 
7. tfabit of eerlv growth 

5. Pre'enee or alwn' e of barbs on lateral nerves of lemtna 

To distiiigui..,h the sutivarieties or .strain.s within the more important varieties: 

1. .Mtiturle of spike 

2. I )afe of etnergerire of awns and .spikes 

3. Time of maturity 

4. Outer glurre s 

5. Grain eharacters: 

a. C’ompfi.sition 

b. .Size 
C. >tiap ■ 

6. Variations m ^ize and color of foliago 

7. Culm eharacters: 

a. Iscngth of l.i^t intcr/esl‘- 

b. Total length of eiiiin 
C. Nunits-r of n'sles 

S. Variation in artieulate r(iar.vter of rhachii 
9. Braneh-heatlisl cliaraeter 
10. Prixluctivity 

I .irf'f 

,\I.iny nf the l.'i.sf-nafrietl chtiriicfcrs ttrt; iiiflucncctl to sticti o ' 
etivironrncrit that they cannot be used alone to make difft'n 
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but when oomhinocl with other characters they may be employed in 
separating: subvarieties. These characters are more valuable in varietal 
description than for any other purpose, and can be employed only for local 
identification. 

CLASSIFICATION OF BARLEY FORMS 


The classification as <iiven in the followiiifi pa<;e.s is very largely of 
cultivatc'd varieties, this being the main purpose of the study. Some 
unimportant varieties are included, lunvever, in order to make the classifica- 
tion more nearly complete. It has likewise Ireen considered better to 
construct the keys to groups and varic'ties in such a way that they may 
tasily be expanded to include new introductions and new productions 
shich are certain to aiuh;e. Lor this reason, and because of a lack of 
specimens posse.ssing all tlu' possible combinations of characters, the 
key? are left incomph'te, .some divisions failing to appear in certain instances. 

Th(' ciiltivatiHl sp<’ci('s ot barley (fig. 65), and the one wild species 
(Honkuni fig. 58) which is most clo.sely related, may be 

distingnished according to the following key: 


A. 

AA. 


Rhachis .artieul.ate 
Hliacliis niin-articuliito. 
B. .\ll spikelets fertile. 


PAGE 

llordeiim sponianfwn. 41.t 


C. Lemmas of a'l .spikelcts awned or hooded, kernels of all spikelets equal or 
ruMrl\ equal in .^ue //, tud^nre. 

i-CiiiinilS of cf‘nlri 


T 41() 

Lemmas of centr.e spikelet-. awned or lioo<led. lemmas of lateral spikelets 
liearing neither awns nor hood.s, kernels of lateral spikelets much reduced 

RR 0 , 1 , , , , (\i H iiikrmcdium'. 4:50 

as. ()nly the central .spikehus fertile. 

C. Lateral spikelet.s po: 


organs. . . 

II. dixtichitn. 4;5.'5 


los.sesMiig nonfunelional nulinientary se\us 

CC. Lateral .spikelets much reduced in structural parts and possessing no rudi- 
mentary se.xual organs H. d(Jiciens. i-ld 

Ihf giiiiual rcl;itif)n,-,iiip ol iht' species imiv be gra]ihic:illy shown as 


Family 

tlcnus 

.Species 

('■raniincae 

llordeum 

^''pontducum 

'.’uljare 

(\) intermedium 
di,<(ichon 
defieieuK 


^PeeioH. indicates the hybrid orutm uf this speiaes, also that it is not of oiiual rank 



A 


B 


C 


0 


Pro (»'). Fot'r: l■•t■t,T^v^Tf;r) HPKrtES of iuklev 
A, lli;rrJeum rIrficun-<', H, H. ili:4irhin\ C, II. intermedium', D, H- 
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In tli(' pn'si'iit classification the number of species of cultivated varieties 
is placed at four, one of which, II. drficiem, is at present of lesser agronomic 
importance than the others. These groups are given the species distinction 
laraelv because (1) all the best evidence seems to point to thi' very early 
orifiin and to the parallel development of these types; (2) the numerous 
distinct \;uieti('s are less confusing when placed in four rather than in 
one spccii's; (3) most of the earlier invest igatois have used more than 
one species. It is evident, however, that these species are not so distinct 
as an' nmnv specie's of other plants, ('specially in the wild state, since in 
many cases intcrspecies cro.sse's an' im)iossible. In barley, the species 
as de,?ignated in the pn'se'ut classification n'adily cross. 


HORDEUM SRONTANEUM 

lloi-flrum fspontnneum C. Koch (Tig. 58) differs from all the cultivated 
fonn.s of barley by the articulation of the rhachis. At or near maturity 
the rhachis separates at eacli node but the sc'ginents ri'inain attached 
at tti(' upper end to the spike'lets. The rhachisms of cultivated barleys, on 
the other hand, do not readily disarticulati' at maturity. If the spikelets 
ail' forci'd apart, tlu'y bi'i'ak loosi* from the rhachis and leave it entire. 
It seems that in the evolution of cultivatc'd barleys the rhachis has become 
■solidified into a single structure. 

I he chaiacter of tlu' brittle rhachis is found in several wild grasses, 
among the most intc'resting of which is (he wild wheat of Palestine, the 
P'e^ilile ])r()genitor of cultivatc'd whi'ats. This characteristic makes these 
giaM.'s especially adaiited for reset'ding, and may account for the 
continued e.vistcnce of the.se foi-ins in nature. 

If. ^iioiihuiruin has bc'en known to botanists for many years, having 
Hen described by I’ost (IS83), by Biassier (ISSl), and by llochstetter 
(isps) j3y Boissii'r and Post it was designated as Honitiiiii 

lliiil'iiii iis( . It, may be bru'fly descrilx'd as follows: 

■e,i\|,x vv('ak. liiu'ar, taix'iing at (ij); spik('s awned, flattened, two- 
"I, rhachis brittle, plumosi'; lateral spiki'h'ts pointi'd, without awns. 
Hmiimtc^ P''dicillat('; central spiki'h't awned, pi'ifect, si'ssile, awns very 


loii 


mi 


^ ,j I o.xei'ssivcly barlx'd; dorsal nervt's of flowering glunu'S of lateral 
p '' ■'^'“ooth; out('r glumes of all spikeh'ts vt'ry hairy, awned; awns 

as long lateral florets; rhaehilla long, covered with long. 


'OI..HI hairs; kernel long, slender. 
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]?OY CiLEX WkJOAN’S 


The only interest in this type fnjtii an eeononiie standptiint lii-s in (i|, 
possibility of its being the aneestor of some if not all of the ciiltivaini 
barleys. 

IlOKOEf.M VtL(l.\KE 

Hordciun rnJgare L. (fig.s. (id and GTb one huge species of ciiltivaffil 
barleys, is dill'crentiated from the wild species just tleseribed i)rinii|)alli' 
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Spikp om't ajid iiod(iinf<, six- or four-raiikcd according to arrangement 
of spiki'lcts: rhachis, or central axis of spike, made up of a number of 
short iiitcrnodcs which are solidified at the joints: spikeh'ts arranged in 
groups of three at each joint in the rhachis, all eriually fertile, all awned 
or ho(jile(l, all sessile or nearly so, awns usually barbed: lateral nerves 
of flow('ring glumes barbed or smooth; rhachilla hairy; grains of lateral 



Flo. (i". \ uuKTiKs OF HoRnia \i vri.o\Ri: 

billcil, awnod; I?, Ia\, hiillpil, hoodoil; C, lax, Iiiill-ti'ss, awned; F). lax, htill-lcss, hooded 

pikf lcls oipial or nearly equal in size to grains of eenfr.al spiki'lets; grains 
' 'buig ill size and shape from long and slender to short and plump; 
S'-iini-oiilior hull,,,] h„i|.i,.s,s, 

"f/o/Y includes practically all (he important cultixatod varieties 
i '' '''^-rowial barleys. It is more important in the United States than 
oilier species, although both inlvnncdiiiin and distiihon are grown 
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rather exteiisiv-ely. Varieti("< of the ridgnrr type are found to d,, 
in Minnesota, Wisconsin, llliiK)!-:, Iowa, and Neln-aska. 'I'lie i iilnup „[ 
this sixa-ies is by no tneans liiiiit('<l to tlii- rnited States; it is nnmn 
wherever barley i^ cultivated to any ('xtent, anil in Europt'aii I'oinitjj,,, 
it ranks second only to ilisticho/i. 

Ki.j til rnriilitx nj //. nihjiirc^ 

A. Kerne!' Inillctl. pjjj 

B. LonuiKi.' aunciL 

C. KhTrifl-v or purple. 

D. .’^piki* n:irro\v, l.»v, /jol.hrij:: interniKle.s of rliai’h'w lon^ ()V0-kr> pin. to 
ti'fi ijtf. ruoilt'^ , rtf Icrtifua with lior-'c-^hoo-hkc tlepn‘-t.>ii)n, 
llh.jfhill.i fwvtt with loo^, '“traiiilit hair<. 

[■'. Awii" harht‘<l. 

<1. Sprii':; hahit of ear'y LT«»\\fh. 

if. l.uttTal foun nt •‘pikolets ovf rl.-ippinj; more at tip than at 
f'cv'e «if '(»ike. kornoN fiMHliiirn to siniill iij uiidir 
I cm. in h'fticth; h' .wls mnlilinK: awns slvwjnij tcmlfiuy 

tow.trl «lect,lij(,ijvttr'Nx. 

I. Xo pi'ifncnr in .ih-iiroue layer, wliite or yr^liow 

Miipcluiria rt let tn'ii 

If. I’isfm'Tit pn*w*nf in iilr-nrrtno hiver, })}i]e Fe:jth('Mnn ki 
fill, f.ifcrul fou" .»f 'pikclcfN o'.'erlappini: tlio sjtnie fnnii h.ts‘ 
to np itf •‘pike; krTJe ls lorn: nnil coarM*, uMiaih 1 nu 
or i(4<>re in Icntrth; .'‘tntw ('bir^e afi'l “Ijort ini('<TNi\\ 
Vitrk en\ iroiioient . nwns 'tilT an'i li.ir-h, haMiii" 
tenrlciif-y tow.'tnf t]er-irjn'>n-»nc'-s. 

If. BiKmofit pfi '-'-nt in al'Mjronc layer, hlije .\for'" citii \1\ 
W'jiiter hnfj't <(f rarly 

H. ro\« >• of •>pikch*fs o\ iTl.'ippiriu; fiiore nf tip rlutn nt 

of -pik‘‘. kerrt‘l-> rfn-.liiirn to in . ntdi'f 

I «•»»- m h njrth; fientls nodtiifn:: avwis .“•lutuinx '• t 
tov\ar«l rlec ’.•Jnon'-nc-'*. 

H. IhK,mcnt prc.K« nt in uloun»ric Uyer, Itluc 

Mamm'ifh '''' -t.* 

¥.K. Bluvhilla fn-si.-t \nth .-Oiort, fine liair^. 

K. A wn** h.'*rh‘'«|. 

fi. .’^prifii: h.'ihit of farly urowtlj. 

li. rowi of .^pikelets ^uverlappiim iijtirc at tip ^ 

ha-j* of ."piko; kf-rni'ls methum to siniiil ni , 'i^' O 
I ern. in h nuth. hc.uJ'* notliliiiK; awns hhowiiii: ti ii' ' 
tovvanl i|f < i«lnoiisnes.s. 

I. No pit^merit in aleurone ln\fT, wlnle or ycih''''' 

n. I'lCfnerif pr»*MT)f in aleurone layiT, hhie > t 

- — _ . 1 , , , .'" 1 1 '' 

‘ 7 h< tnr'tinjf of nil grr»o})^ tifi'l v,iri»*tU’H mttfortu-’ to »V of v.irK't.’il noniciijiioif' I 

Cl of \t;ronort.v ,tf Novtoitu-f l-t. .cui ■ 

■f‘i irr.al of »)i*- v».luii,*- 0, rio uOh ttit' ««T' fj'l »oti uf ttif rtini-* ill ^•''1''' ^ ) , -luaid 

li'/ti 't/T** Kiv*Mi I'V tin- of F'«r»'iicii .'■.*•<•'1 nn«l Plnnt Jiitr'Hlu'O'iti, I uio**} H.i ' 

Aii;ri'’ilfijrf‘ I* I , tiJi'l th#- f ion rpijint»fr'‘ l»v iti*' aui tiOf It i-" « oh-imco ‘ , 

iiijtrit’^'r-* O) rfdiTo wOh ii flTivcri grinifi of « h.irii* tiT’^ until i vurn’ty “f < , I, ,, ,,,>purt.iii^ 

With f f,*' ft.r ' ti.'iru' »«T'' »* f'»iin«l, r'irt»iT tti.itp t», }i% |>»'t to fhr almwly (■'i'' 
y,>f iiu*-ti4 AiJproj)cia.o vuri» tal nunua may n'otlily luo^J ut au> luUtt ‘late. 
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HH. Lator.'il rows of spikelets overlapping fhe same from base 
to tip of spike; kernels long ami coarse, usually 1 cm. 
in length: straw c*iarse and short under New Vork 
environinent awns stiff and harsh, liaving no tendency 
toward deciduousness. 

I. Xo pignx'iit in aleurone layer, white or yellow. Mariout. 423 
II. I’igment pre. ent in aleurone layer, blue . Bay Brewing. 424 
GG. Winter habit of e.arlv growth. 

II. Lateral rows of .spikelets overlapping more at tip than 
at ha.se of spike; kernels meiliutn to .small in size, under 
1 cm. m length; he.ads nodding; awns showing tentieney 
t<nvard deeiduou^'iiess. 

I. Xo pigment in aleurone layer, white or yellow 

Idaho Winter. 425 


II. Pigment present m aleurone layer, blue . . 

fierrnan Winter. 425 

DD. Spikes broad, don.se, erect: int(‘rnodes of rhachts short fl..j-2..S cm. to 
ten internodesi; base of lemma ero-.s-erc'ased. 

E lihachilla beset with long, .straight hairs. 

F. Awns barbed. 

G. .s^priiig h.abit of early growth. 

II. Outermost glumes of s],|,. spikelets very broad. 

I. Xo pigment 111 ah-iiroiie layer, white or yellow 

Triumph. 425 

Illf. .\11 outer glumes the s,am<' size. 

I. Xo pigment III ahmrone layer, while or yellow: side 

spikelets se.ssi'e I'tah Winter. 425 

II. P ijjtiM’jit prc.M'nt in layer, liL'ht lilue; feliaije 

<Urk ;rft‘cn F. P. J. 111-)!*, 12i) 

GCi. \Miiti‘r li.'iLit of (‘urly Krowih. 

H heri^ify -.A cni. or I*’'''' to li-n <»f rhai'lii.". 

I. No pif^iiunt in aleuroin- layer, wliito nr vfllow 

Sliort Si\-ro\ved 'Winter. 

EK. Ttlnifhilla Lcsi't witii .sliorf, tine linirs. 

F Awns liarlieil, 

CL Sprin;^ linliit of (';irly i^rowlli. 

If. DeriMt y nn. or to ten iiit<TiHMles .>f rhac'his. 

^ I. Xo iiicincnt III :Ui nnme laver, vvliite 'T vellow .Chiluiii. I2() 

CO. KeriieK blaek. 

ib Spiki' narrow, l.iv, noddinji; iiitiTiioiles of rlnielrs loni; toO I .) ein. to 
ten iiilernodi’'.' . base of leininn vitlj hor.'H'slu'o-like (.K'pre-''-ion. 

F. ]>fi;n’hi!l;t be.'scf with lon^, Ii-iir.s. 

Awns barbed. 

Cb Spring Invlnt of enriy growth . (latanii. ('Jli 

ti(l. inter h;d)it of enriy f!::ro\vth ... Hbiek W inter. t_*t> 

1 1'- Awns .smooth. 

pn , G. .Spring habit of e;irh' irrowlli Black Summer. 4 l'(3 

l,rliin,;is |lf)(),h.,L 

C. KiTiH-ls white, blue, or purple. 

*■ ^pike narrow, lav, nodding: internodes df rhaehis lorn; (d.O l.o cm. to 
ten iiiternode.sl ; bas<* of leninia with hor.'^eslioe-Iikc depress. on. 

' he.s<-t with short, .s(r;iij;ht Iiair.s. 

1'. Sprinjjr habit of early growth. 

G. No pigment iu aleurone layer, white or yellow Success. 427 
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DD. Spike broad, dense, erect: internodes of rhaehis short (1..5-2S cm to 
ten internodes I ; base of lemma eross-ereased. 

E. Rhaehilla beset with long, straight hairs. 

K. .'spring habit of early growth. 

O. No pigment present in aleurone la.ver, white or yellm 

Selection _’5ti I 

AA. Kernels hull-less. 

B. Lemmas awiied, 

C. Kernels white, blue, or purple, 

D. .Spike narrow, I.iv, nixlding; internoiles of rhtichis long L‘10-1.') pin, to 
ten internodes'; ba.se of lemmti with hor.se.'lioe-likc depres.si(iii. 

E. Khachilla In set with long, straight hairs. 

E. Awns barlnsl. 

G. .Spring habit of early grou'th, 

H. Xo pigment in aleurone layer, white or yellow. 

?. lateral nerves sinoot h fooli-to k’’ 

II Lateral iierve-s barls'd Hansec Hiillc,, 4.7 

nil. Ilgmeiit pre,s«'nt onlv in aleurone Inver, blue 

Gin M.ivl" k't 

HHII. Pigment pre.se-nt in aleurone and pericarp lawrs, purple 

Black llulli's- i.’> 

EE. Rhaehilla beset with short, fine hairs. 

E. Awns barlM'd. 

G. .Spring habit of early growth. 

11. Xo pigment in .aleurone layer, white or yellow. 

I. .\wiis II) cm. or more in length It ili ui lliilli'" 1.’* 

II .\wns .') eiu- or less in leligt li S I’ 1 tll'iil 1-' 

DD. .Spike broad, dense, erect, intenioiies of rhaehis short (I.d--’.s cm- W 
ten intermsles ; basi; of lernma rross-erea.sed. 

E. Rhaehilla Ix’sft with long, .straight hairs. 

E. Awns barlred. 

G. spring h.abit of growth, 

nil. Pigment pre.sent III aleurone layer, blue . .S. 1'. I illji.u 

BB. I>cmmas hooiled. 

C. Kernels white, blue, or purple. 

L<. .Spike narrow, lax, iiisldiiig. intern'Kie.s of rhaehis long i-ill 1 ' 'ic tu 
ten internoiii .s) : ba-s* of jerntna with horsisshoe-like liepres-MUi 
E. Rh.aehilla.s ls's«-t with long, si might hairs. 

I . .Spring habit of growth. 

G. Xo pigment present in aleurone laver, while or y ll " , 

While Ihiif"' 

CC. Kernels bl.aek. • i - > s rm 

DU. .Spike narrow, lax. mnlding; iiiteriiisles of rluieliis short 1 ’ - 
to tiui intemiMlesi, b,a.s<; of lemma with hor.-e.shoe-hke dejiri --."ii 
E. Rharhilhas liesi t with long, .straight hairs. ik, 4-1 

E. fipnng habit of growth .sdei lu u i 


llcscn jiUons of voridirs 

Mnorhurin Scirriion. — Foliagt' rnodiiltri uronn: riiltti.s slioid 
in size tirid lorijrlli; oroel in carlv h.'tbil of Kf'twlli; s|)iki'' " 

• .Si'Iertior, nuiiitc'nms nvsl in this nml the fnlhiwing keys are eifher uppliol O' 'G 
muni .sfiecimeiis or to uiinaiimi speiaiiiciui wiiieti are of no eomirieri lal value at i)re.s 


avera£f 
I uiil »' 



A Classification of the Cultivated Varieties of Barley 421 


ist li'af shoath at maturity; modium to early in maturity; length of ten 
itPinnikw of rhachis, 3.0-1.O cm.; spikes nodding; angle of inclination 
,f krn’.cl with rhachis, small; lateral rows of spikelets overlapping more 
t tip than at base of spike; grain short and usually plump, white or 
■ellow in color, hulk'd, awiu'd; awns showing only slight tendency toward 
leculuoti.sness; lemma barbed, base with horseshoe-like depression; 
hachilla beset with long, straight hairs. 

The following key st'pai'ates the .subvarieties of the variety Manchuria 
iclec'tion' 

X. Early in maturity: awns medium stromr, with .sliirht tondeni'V toward deciduou.sness; 
ipikc.s U'Ually n.iddiug intire than !•()'. Mraw strong. 

B. Rhaclii' suliditied Manchuria Selection. 

(.Vdclitional specimens found under the following names: Australian llarly, 
Bernards, Black Two-rowed, < )ui-h.-ic. 1 
BB, Pdiaeliis somewliat brittle when kernels are broken apart. 

C. Foliage medium gri'eii Norwegian I. 

f.tn additional .speeimeii found under the name Xorwegian Bjorneleyg. i 
CC. Foliage light green . . .ku.stralian Early. 

U. Medium m maturity: awns weak, with .-Ir mg tendency toward deciduousness; spikes 
usually nodding less tlian (H)’ French Early. 

(.Additional specimens found under the foHomng name.s: French Gerste aus 
Benmark, Long-grained Winter.) 

— The \-:uv,'ly Fe:itherstou is disliiiguish(>d from Mauehuria 
^f'l(‘l■tioll by jKisst'ssiiig light iiigiiK'ut in the aleurone layt'r, which gives 
I light hlue color to the kernels. Otherwise the two varieties are very 
iiinilur 


Ihc following key scpanites tiu' sidivtirk'ties of the varietv Featherston: 

U } F-T in maturity: culms very .short: spike and awns short !s. P. I. 1.S9 l’2* 

-Ic'iliiirii to (’Mrly in iiuitunt y. (.'ulnis, snik#*';, nnd awus medium in length. 

Hr erect ; eulms limK Australian "Winter. 

■ ^pikc.N n'ltldiiijr; ciilins medium m length. 

vci y noddimj; rliachis solidified Featherston. 

• spikes medium in leiigtii and slightly nenidiin;; rliaeliis slightly brittle 

(lerste aus Morocco. 

(An additional specimen found under the name Me/eeijcs liandgerste aus L’ngam.) 


I’(jIiVige niocliuni gn'cn; culms coarse ami short under 
'' ^ conditions; erect in tuirly habit of growth; spikes well out 
J'li.i! I of la.st loaf at maturity; uK'diuiu to ettrly in imiturity; spikes 
"loiii ,|f internodes of rhachis 3.0-1. 5 cm.; angle of inclination 
>'haehis, small; lateral rows of spikelets overlapping the 
"J'n lip t„ Ease; grain long and eoar.s(>, over 1 cm. in length, light 
'olor, hulled, awned; awns stiff and harsh, having no tendency 
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towanl (Irciduousnpss: Irinina harl) 0 (l. haso showing 
doprossion: rhachilla l)esot with long, straight hairs; vory pooily adapirj 
to Xow York environmont. 

Tho following k('y sejtaratcs tho subvarieties of tho variety Moroccan 


A. Very early in maturity: eulins ami spikt>3 very shiirt. 

B. Heads erect or inclining only sliRtitly. 

C. Density of spike less than .1. 1 ein. to ten internodes of rhaehia 

(Additiinml speeiinens found under the followiiiK names: S. 1’ I. llliKi, s p| 
tltdl, S. P. t. dlloS.t 

CC. Density of spike more than d.l em. to ten internodes of rhaehis 

(Additiomil specimens found under the follovring names: .Vustraliau luipraai, 
India Cawnpur, India Punjake, Indian Sind.) 

BB. Heads nisldinff. 

C. (tutor illumes short-anTital, total lenyth of awn and (jlume t«o to Ihrir tins 
that of lenim.a ^ 

CC. Outer nhiines awn-pointe<l, total len;;th of awn and Klnnies scarcitv mun’hji 
lenifth of lemimt 

(.vdditional .specimens found under the followiiiK names: Beldi, ('.uiiiri M;iiid 
Tripolitan. ' 

A.\. Medium in uiaturitv: culms and spikes moliiim to .short. 

B. Outer flumes short -awntsl. total length of awn ami ){lume more than lunf thj' 
of Icrmna M.nui 

'An additional spr-ejmen found uniler the name .M:iuchuria. I 

BB. Outer glumes awn-pointed, total length of awn and glume .scarcely more lli.ui I'Kit 
of lernrna Mcrioj" 

(.Vhlitional .-pf-einnuis found under the following names: .\lgeria. (ormaii iMia. 
.-(panish .'sierra Vniua, Tunisian.) 

Mdiunuilh W’nihr . — Foliago mtuliiiiii groon: ciiliiis iiu'diiun to luM- 
wiiift'r liubit of c.-irly growth: (‘arly-mat iiriti;-- whfii coniparoi wiilirl"® 
barlevs; .spiko nodding an<l l:ix, 2.H 4.0 oin. to tt'ii intooe.'!''' lTd.j 
rows of spikclots ovcrl.-ipping tiltiio.sl coinitlcicly ;it fl[t of spike. 
slightly pigiiK-ntcd, tiitsliiim in .size, pliinii); Iciiiiiiii nwiicd, hoi'oshoi -li.ii'" 
!it bu.so; outer glumes extending slightly beyond kernel: rh.oliilki 
witli lotig, sf might hairs. 

.Mldilional .-{Ku-imens were found tinder the following luim' - 
dorfer .Mammoth Wiiitergerste, |•'riedriell.swerther Mtimmolli b inieii; ! 
Klein Wanzlehener Wintergerste, Wiistermarseh Wintergei'ie 

M(irirlninn-f)ilrrhriiff:ir (VhiUt XXXIV, I). — I he variet,^ 
oderbriieker i.s (list ingnished fntm Miinehiiii.'i St'leelion by i k' ' ^ 

of the rli.'iehilla, which i.s Is-set. with short, fiiK, hiiirs inon oi 1 ^ tf 
at the tip, tlms riresenting a woolly ai)])('iir!i:iee. Also, tl" ' 
tisii.ally from .'50 to «0 jter cent longer. 'I'hi.s variety ^ 

v.arietiti.s than (I(>e.s Vlaneluiri.'i, Selection, as is seen by tin. a 
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ey. Maiichuria-Odcrbruckor is liy far tho most important variety of 
larloys in tho United States. It is the leading variety in the large 
alley-growing section comprising Minnesota, Wi.sconsin, Nebraska, Iowa, 
nd Illinois. 

Till' following key separates the subvarietie.s of the variety Alanchuria- 

)(kThi'U('k<T: 


A. Outer glumes awn-pointed, scarcely e.xtending beyond lemma Ode.s.sa. 

A Oilier glumes .short -awned, e.xtending to two or more tiinc.s the length of lemma. 

B. Lateral nerves not barbed ; a wn.s deciduous or nearly so; foliage light green. 

Gcr.stc aus Xorwegen. 

BB. Lateral nerves barbctl; awns slightly deciduous; foliage medium green. 

0 F.arly in maturity; culms short Norwegian II. 

I.Vdditional spi'cimens found under the following names: French Early, 
Norwegian Ilamsievg, Norwegian Bjorneleyg.) 

CC. Medium in maturit}- and in length of culms. . . Manchuria-Oderbrucker. 

(Additional speiurnens ftiund under th(‘ following names: Australian A\dnter, 
California I’ortuguese, Canaila, Canailian Faney, Kagle, Feather.stun 
Selections, French F.arly, (icr.stc aus .Ajaccio, (icrsfc aus Lulca, Idaho 
(allow, Kleine \\ arthebruch, Manchuria, Manchurian, Manchuria 
Selections, Manchury, Minnesota <>, Oilerbrucker, Red River, Red's 
Triumph, Rumanian Autumn, Sehlesisohe Zeilgerste, Siberian, Swedish 
Si\-rowed, Swi.ss Spring, Turki.sh Albanian, AAiscon'in o, Al'i.scon.^in 0, 
W isconsin Pedigree.) 

CCC. Late in niaturity: medium to lung culms . Roumanian .Spring. 

(.Additional specimens found under the following names: Heavy Moldavian, 
Ode.ssa, Roumanian Autumn, .Silver King.) 


O.A.C (Plate XXXI V, 2). — Tlip vtiricty O. .V. ('. 21 iliffcrs from 
hitichiii'iii-t Idcrliruckcr only by po.s.si'.s.sjng pigmi-iii in flm ahnirone layer, 
Ill'll ui\cs the grtiin a light bhu' color. Somi' vari.ation I'xists liidwt'cn 
1' siihvtiiictics within this vttricty, ;is is sliown by the following key: 

V hatiT.il nen-es smooth or -.rith very few barbs. 

"'F "ith .strong teiidiuiev towaril deeiduousnes.s . South .African CajX' F.arly. 
BB \ ' speeiiiieii found under the name Ru.s.Man Livonian. i 

" 11 -' Without tendency toward deeiduousiie.ss (iiT.ste au.s der .Alandscliur.si. 

\ l.i I " ■I'dditional speriuieii found under the name .Maiiehiirv.l 
' n.Tvc^ harlied. 

■ birlv ,,, , S. P.l. lotus. 

BB \i , I " ‘‘'‘‘“'"’“'h ■specimen found under the name S. 1*. I. lOlUi).) 

-o uuiiii 111 mafiirily O \ C 'M 

(•Aililiiidini .s]K'cimcn.s found under the following names: Blue Riblxin, Braohyura 
ler.ste, Canada, Canadian 111, Canadian Western, Comiiioii, 
^ ' u urslon ;)(I7, (iersto aus Dalekartieii, Cerste aus .lapan. Hemes Vierzeilige 
" Imp. Manchuria, Indian Sind, (Xlerbrueker, Odes.sa, .Silver King, South 
,s. i>. I. 40(J.},-,.) 

\n *• South Russian. 
i 1 loiial specimen found under the name Cerste aus Cyperii.) 


BB 


Mn,: 

"Will 


I oli;i,fi(. (la[-Jt culms short tmd smtill; erect in otirly 

“'a ill uiaturily; spike erect or netirly so, nithcr dense; grtdu 
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large and long, without pigment; lemma awned; awns Ynry stiff arnl 
harsh; five nerves of lemma conspicuous, lateral tierve.s hartx'd; |,j(, 
of lemma with horseshoe-like depression; outer glumes shoit, narrow, 
awn-pointed; rhaehilla sparingly beset with rather short, straight huiiv. 
The following key separates the subvarietii's of the variety Maiifiut, 

A. Outer glumes short, anm-pointed, searrely e\ten(lins beyond Icrnma; Icrijih ot ten 
intermwles d.O-.'i. I oin.; awns very stiff ami liar-h .Marmut. 

AA. Outer glumes short-awncsl, length of awn and glume more than twice that of len.ms; 
length of ten internodes d t ;!.!) em, 

B. Medium in maturity ..... . .., Tnli, 

(.Additional 'pta iineii' found under the foil 'wing names: S.andri'l, .'•nnmi, 
.Smyrna Verli. Turkish (Iihode.s to Sea of Alarmora', Tiirki'h .yailitir, 
B'i.v^'oii'in Winter. I 

BB. Late in maturity . C. 1. 515. 


Bay Bron'tiii 'Plate 3). — Foli.-ige varyuig from light todark 

green in dilTerent suhvarelies; enhns ralht'r eoiirse :i;;d short in Xnv 
York environment; enmt in early growth; heads fully emerg'd at 
maturity from sheath of last leaf; rnedimn to late i:i iniituritv; fpike 
lax but not uo'lding as mueh as in Mtinehuria-Oderltrucker: lateralrwt^ 
of spikelets overlajtping the s;ime from base to tip of s[)ike: grain lo’g 
and coarse, usuallv over 1 em. in Imigth; pigmmit in iileiirone la.vrr, 
grain hulle'l, awtietl, awns .sti.'T, htir.sh, barlx'd, usually h:iviti,U no 
tendency towtini deeiduousne.ss; nerees of lemma barbed; Iw.se of 
lemma with horseshoe-like depression; rhaehilla Ix'.set with sliort, fa* 


hairs, iisntdly more or less recurved at ti|). 

ThLs variefv is second ttmong till the varieties of 11. vulgnrc in o'oiioi'iic 
impiirtatiee, although it is not ad.iptrd to Xew \ ork eoiiilil ioiis i ' 
part icularlv well a'lajiled (o (he Pacific ( 'oast States, whiTc it is iC'™' 


e.xten.sivel}-. 

The followi.ig key scpanite.s (he .subvarieties of (he vtiriety H'lo Im"’'- 

.V. Foliage medium to dark gre'm; imslium to Iite in maturity; leaver rncdiinn in 
and width: erect in early growlti. 

B- Outer length of awn :in>J glume ahout the .‘'‘aiiR’ ^ 

C. MHiurn in ni.iiiirKy , . l,. 

( .VMili'ma! im'Tj-s founfi urnl'T t!if‘ f >11 )W nanH-s: 
n;arl> , AiJ''»ri;in. Alxerutn. BeMi, Hlijn Virghiia, 

Morav an, California Califnrna I'rolifie, Hnuili 

rnnlan 'r<nifoniripari, Malte.-a* l-iljind, M irof ran, Ou' lui' f I 
Afrit-an toVip#- Karly, SoiiHi African S(\-rnwe.J, Swifis, Hrcwiag- 

CC. IgAte in maturity .... *„Ji'kf! 

CVJfiitio/ial Hpiieimenit found under the following names: Aueir • > 

]*r(.»fiowtl2, Cape.; 
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BB. Outer glumes short-awned, length of awn and glume two or more times length 
(if lemma ... ... Tdli 

(Additional .specimens found under the following names: Featherston Grecian 
Ho}(leum sp., Montana, Tenkan, Turkish Smyrna Lowland ) 

LA. Foliage light green; very late in maturity; leaves long ‘and very broad, giving a leafv 
appearance; .somewhat spreading in early growth. 

B. Strong tendency toward brittle rhachis v„*i„.i 

BB. Solidihed rhaclds ' ' ' ' Nethtglans. 

.syvnss. 

hhiho 117 /(hv.— Charactorizod hy winfor habit of early grotvth, parlv 
aatunty, short-haired rliachilla, barbed awtis, rathor long spikes, lateral 
otts of spikeh'ts ovcrhippiiifr almost complotcly at tip of spike, and 
oiipigiiieiitod jirain. 

Th(^ following key soparatos tho siihvarit'f ios of the varioty Idaho Wintor: 

A. Outer glumes awn-pointed, len^^h of awn and glume from one to two times that of 
lenuua. 

B. Foliage medium green; outer glumes extending beyond lemma . . Groninger 
BB. l uliage light green; outer glumes alwul same length a.s lemma . . Idaho Winter.' 
lemma short-awned, total length of awn and glume about three times that' of 
Alashier. 

(aniian H iidtr.— nistinmii.slK.d from Id;dio Winter by having kernels 
ith iiiginent in the tdeurone; otherwise the same. 

Tiuonph. I oliage light gretai; ctilms mediiiin to long; erect in carlv 
’O'vth; late in maturity: tiverago dmisity 2.4-2.() cm. to ten internodos; 
JivCs (iiig, somewhat nodding; gniiii nonpigmented, short; lemma 
, awns barljed, showing strong tciulency tow;trd deoiduousness; 
Ufs of leniiiui b:irb('d; ba.se of lemma showing cros.s erettse; lateral 
fts somewhat pedicelhde; two outer glumes of side s])ikelets farthest 
oiiii!!o,l,an spike], a very bro;„l, about oue-half width of lemma; rliachilla 
'"G with long, stniight Imirs. 

j j |C,/t(/ (Hate X.\.\l\, 41. — Distinguished from Trumiph bj' 
j, ^ *>'11(1 glumes tlu' same size, ilarker gix'eii foliage, shorter, denser 

iii'li'c T' iiduriiodi's), c;irlicr maturity, 
dwns, and .se.ssile side spikelets. Repivsentatives of the 
'aiiety ,io Hot, behave as do winter barlevs in New York 

010 ) 11111 . 

1 iwiiig key separates tho subvarietii-s of the variety Utah 


inlet 

- I'lll|n._r(, 
1 ( 


gill 111 in maturity; outer glumes narrow and short-awned, 

anti outer glume about twice that of lemma;, awus nearly parallel 

oiial specimen found under the name Californian.) 


total 
L tall Winter. 
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AA. Foliage medium greeu; medium to e;irly in maturity; outer glumes broad and 1,^ 
awned, total length of awn and outer glume about three times that of lemma- V* 
spreading. ' ** 


B. \’ery early in maturity: cuim.s short 

BB. Early to medium in maturity: culms very short 

(An additional specimen found under the name Chilian.) 



S. P. /. 411 '>9 . — Distiiioiii.slR'(! I'roiii I'tah AVinter bj' havitijr ;i pioinourhl 
aleuronc layer and pediecllatt' .side spikeh'ts. 

Short Sir-roircii It ’;///< r (Plate XXXI \', a). — Foliafrc medinm fri-eeu 
culm? metlium to long; winter habit of growth; early in maturity wlifu 
seeded in fall, but very late when seedtal in sjrring; spike dense, 2.2 cm, 
to ten internodi'.s, aiul erect; angk' of inclination of grain with rlmlis 
huge; grain rather large and somtuvlnit coarse; humna thick, :nvnpil, 
cro.ss-crea.scd at ba.se; awns barbeil. s])re;iding, rather stiff; rhadiilla 
besc't with long. str;iiglit h;iirs. 

ChiJian . — Distinguished from Utah Winter by having grain with a 
pigmented aleurone htyer. ;ind short, fine-haired rhaehilla. 

•An adilitional specimen w;i.s found under the mime .lapancse Plitakam, 

Gatiimi (Plate X.XXIV', 6). — FoIi;ig(> light green; culms inciliiim to 
short, fine, nithcr we;ik; erect in I'arly growth; spikis wi'll out of slieath 
of last leaf ;U imiturity; medium in maturity; spikes la.x. ■'(. l-3.li un. to 
ten internodes, nodditig; gniin sinrdi, d;irk gra}' in color, lihtck pigment 
sometimes ab.sent from h.-i.se of lemm.-i; lemimi adhering chiscly to 
caryop.'is, awneil; awns lairbed, medium to long, stilT; fi\'e ncivisot 
lemma con.s[)icuous; latenil nerves barbeil; b;i.s(; of lemma tvitli In.r a'dine- 
like dej)re,s.sion; outer glume.s narrow, a'vn-jiointed; rhachilhi beset witli 


long, .slraighrt luiirs. 

Black Winkr. — Foli.ago medium green; eillms long, sti'ong; winter 
habit of early growth, siaireely imitiiring any seed when sown in the 
early in maturity when f.-dl-sown but htfc when spring-sown, 
la.x, .3..a-.3.8 cm. to ten inteniodes, nodding, very long; rows ol si'h 
overlapping almost <oni()lelely at lij) of spike; gniin long. Idn-k. nWi‘ 
or le.ss glauiaais; lemm.a adhering closely to earyopsis; five ncitO’ ^ 
leniina scarcely di.-t ingiii'liahle; lateral nerves barhed; Ini'' "I ktnii 
with horsestuK'-like depres.sion ; outer glumes narrow, .aun-pni > 


rhaehilla lieset with long, .straight hairs. ^ 

Black Summer (Plate X.XXV, 7). — Foliage light 
to short, fine, rather weak; spikes well out of sheath of 
maturity; medium to late in maturity; spikes lax, 3.4-3. 6 
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odes of rhachis, nodding; grain black, more or less glaucous, small, 
i awnetl; awns barbed, medium to long, stiff; lateral nerves barbed' 
flumes narrow, awn-pointed; rhachilla beset with long, straight hairs.' 
[itioiial specimens of this variety, all of which were very similar in 
|ter. wc're found under the following names: Asstivmm Schwarze 
irg('istc. Leiorrhynchum (Kcke.), Nigrum Schwarze Sommergerste. 
is.s (Plate XXXV, 8).— Foliage medium green; culms medium to 
irect in early growth; early in maturity; spikes lax; length of ten 
des of rhachis 3. 6-3.8 cm., nodding to an angle of 45° to 100°; 

. cm. or more in length, yellow, IuiUqiI and hooded, hood usually 
; distance from end of grain; lemma with five rather conspicuous 
[lateral nerves barbed; base of lemma with horseshoe-like depres- 
jer glumes narrow, awn-pointed, total length about same as 
hacliilla loiip;, narrow, sparsely covered with short liairs. 
illowing key separates the subvarieties of the variety Success: 

sjery early in maturing; culms short; heads nodding only slightly ; folia^ dark 
maturing; culms medium in length; heads nodding; 'fohage 
I- ''i \ nm'risSion S names; Bcardlei Succ^ss^B^^d- 


■ Distinguished from Succe.ss by having very short, dense 
■' l- l (in. to ten internodes of the rhachis), long, straight hairs, 
li nevei- emerges completely from the sheath of the last leaf, 
'>|.(| n ii\ . Original siiccimen unnamed. 

9). Leaves dark green, abundant, rather broad; 
yi.ii Ml height and diameter, straight, strong; erect in early 
‘I mil inode of eidm long; medium early in maturity; spike 
I 1(11 iiiteinodes of rhachis 3. 3-3. 5 cm., nodding to an angle 
■ -l■■m htoad, 0.75-0.9 cm. long, very starchy, white; lemma 

■lil'i ' i'** '' betirds long, broad, lax, barbetl; lemma with 

' ' (I pic.'sion; outer glumes narrow, short-awncil, total length 
^ -mm. ihachilla beset with long, straight hairs. 

^ P'liinens of this variety were found under the following 
1 ,' ' ' ^hiked Barley, Naked Spring. 

■il ■' ^ XXXV, 10). — Foliage medium green, abundant 
' >, ( uhus medium in size and length, with a tendency 
spike scarcely out of sheath oi last leaf at matiiritv: 
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Roy Glen" Wigga.vs 


semi-winter in early habit of growth; somewhat earlier in matiirini; fijj. 
Coeleste; spikes lax, 2.8-3.0 cm. to ton intcrnocles of rhaehis. 
grain white, short (0.65-0.75 cm.), broad in proportion toleiigih: Lmn'i 
free from caryopsis, awncd; awns medium in length, rather stiff, ha] 
lemma with five rather inconspicuous nerves; lateral nerves l);iili('(l: 
glumes narrow, short, awn-pointed, total length of glume am] am, 
slightly greater than length of glumes; rhachilla beset with Iduo, 
hairs. 


Additional specimens of this variety were found under tin' fiilliaiiiii 
names; C. I. 703. Sangatsuka. 

Guy Maijle (Phtc XXXV, 11).— Foliage light green; culms niidiiuij 
to short, weak, showing t('ndency toward lodging; ('rect in early tamuli, 
spikes entirely emerged from .sheath of last leaf; very enrl.\- in mafiiilns, 
the earliest of all the hull-le.ss type's; spike la.x, 3. 2-3. 5 cm. to ten intcnKiilp! 
of rhachis, nodding to an angle greater than OO"; grain blui-. ])),;;i)ira 
present in aleurone layer. 0.75-0.85 cm. long: lemma free from caiyijifk 
awned; awns hart)ed. rathi'r broael, .stiff; h'lnma with horsi-liiu-liLf 
depre.ssion; outer glume.s narreiw. short-.awtied. tol.al length ahoiit uiie 
that of lemma; rhachill.a be.set with long, .straight hairs. 

.Additional .s[)eeimens of this variety were found under the iiaiin Bhf 
Ilulle.ss. 

Blnck Hulh-ft (Plate XXXVI, 12). — Foliage medium given: ( 11111 ' 
medium in length and diameter, with a tendency toward lodging: ■iiil'i" 
well out of sheath of last leaf at maturity; erect in early hahit ni 
early in maturing; spikes lax, 3. 1-3.7 cm. to ten internodes ni I'wd* 
nodfling to an angle of 60’ to 00’; grain purple, color usiiall,\ ilevdit«‘ 
to the greatest extent on rlorail side near tip; grain short (0.7 ein. ei k"’ 
broafl in profxirtion to it.s length; lemma free from eaia-dp-'s. 
awns straight, parallel, barbed, rather eoars<'; five nerves of li 
spieiKius; lateral nerves l)ailx'd; lemma usually showing -ciiu' 
ilevelopment along dorsjil nerve; b.-i.se of lemma with lc "i 'I'"' * ' 
depre.ssion; outer glumes narrow, shrmt-awned, total length .(i'cn* 


that of lemma; rhachilla Ix-sfd with long, straight hairs. 

Aflditional spccarncns of this variety were found under 1'"*’ ^ 
names: Blauo Excelsior, RIaue Xackte Gerste, Virginia Pl '' 


Violaceum. 

Ilalian HuUesn . — Foliage mefJiiim green; lailms medium t" 
in diameter; erect in early growth; spikes well out of slien'l' el 
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t maturity; medium to early in maturity; spikes very lax, 4.2-4.4 em. 
0 ten internodes of rhachis; angle of inclination of kernel with rhachis, 
vi'V small; grain white, long fO.8-1.0 cm.), narrow; lemma free from 
aiTop.sis, awned; awns 10 cm. or more long, barbed, rather stifT; five 
lervcs of lemma rather conspicuous, lateral nerves barbed; base of lemma 
fith horscslioc-likc depression; outer glumes short, narrow, awns pointed, 
ot il length .about same as that of lemma; rhachilla sparingly beset with 
hort, recurved hairs. 

,S:. P. I. 41 bid. — Foliage dark green; culms medium to short; semi- 
rintcr in early growth: late in maturity; spikes lax (3. 0-3.4 cm. to ten 
nternodes of rhachis), but usually erect; grain yellow, short (0.6-0.7 
!iii.). broad in proportion to its length; lemma free from caryo]isis. awned; 
iwiis l(’ss than 5 cm. long, narrow, barbed, stiff; five nerves of lemma 
■ather conspicuous, lateral nerves barbed; outer glumes narrow, short, 
avn-pointed, total length about the same as that of lemma; rhachilla 
)eset with short, r('curved hairs. 

ri. P. I. 411 , 17 . — Foliage me<iium green; culms medium to short; 
!rect in early habit of growth; spikes well out of sheath of last leaf .at 
natarity; medium to early in maturity; s])ikcs erc-ct or only slightly 
loddiiig. dense (2. 2-2.4 cm. to ten internodes of spikeh't); gniin Itlue, 


ngiuent present in aleurone layer; grain 0.7 cm. or le.ss in length, more 
hail half as broad as long; lemma free from caryojisis. awned: awns 
tarljcd; base of lemma cims-creased ; outer glume.s narrow, awn-jiointed, 
otal length about one and one-half times that of lemma; rhachilla besot 
fitli long, straight hairs. 

ll//i/( //!///( x.s (Plate XXXVI, 13). — Foliage dark green, broad; culms 


coarse, medium to tall; somewhat spreading in early growth, but 
ndiiicd to lo(lg(' (nusily; spikes scarcely emerging from sheath of last leaf, 
>C‘aeionally emerging from side of sheath; medium in maturity; length 
t lb iiitenioclcs of spike over 3.0 cm.; spikes nodding from 10° to 90°; 
Fun wliite to yellow, 0.7-0.S cm. in length, about half a.s broad as long; 
pinii.i flee fioni caryopsis. hooded, hoods .st't close to end of kerm'l; hve 
1)1 lemma rather conspicuous, lateral nervi's barbed; base of lemma 
' '"lag honse.shoc-likc depression; outer glumes narrow, awn-pointed, 

P ' 'alh about the same as that of lemma; rhachilla beset with long, 

fbnF • Ica,.,. 


! AF 
laiii< 


iiial speciinens of this variety were found under the followingj 
* • 1. 595, Ilulless, Nepal. 
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Selection SOS . — Foliage medium green; culms rather short, coarse- 
erect in early hahit of growth; spikes emerging from side of leaf sheath 
late in maturity; spikes very dense and erect; grain black, long, tianow 
lemma black, free from earyopsis, hooded; five nerves of lemma con- 
spicuous, lateral nervf-s bariwal; bas<' of lemma cross-creased; rhachilla 
beset with long, straight hairs. Original specimen unnamed. 

IIOUDEVM INTERMEDIUM 

Uonh nm inti rnn ilium ffig. 68) is similar to //. vnltjnrc in most characters. 
It may be briefly de.serilx'd as follows: 

Xode.s (jf rhachi.s solidified; spik(‘s nodding and lax in most cases; 
sjiikelets arranged in groups of three at each node of rhachis, all sessile, 
all fertile, median spikelet awned ifig. 51, C, and 1), and fig. 68) or hooded 
dig. 6!) I, latt-ral spikelets neither awned nor hooih-d; grain of lateral 
-pik'-li-t.s one-halt to two-thirds as large as grain of median spikelets; 
grain varyiiig in color and in adherence of lemma t(j earyopsis. 


I 

I 

I 

i 



A B C 

Fig. CS. TYI^FA of HoRnFt U IVTKRME!>fI'M 

A, Arlirig^on Awnfe-^; Ji, South Afriran .NVjial FIuIIowC C, S, P. I. 40^-G 
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A Classification 


OF THE CULTIVATED VARIETIES OF BaRLEY 



Fl(i. (i!l. ( 'iMi' MUhON OK SI-IKF.I.F.TS AT ON’B NOOK OK 

VrUURBANI.OKl..lNTK,UMK.''UM 

Above, li. r iil ivnd vcntnil views of II. rulfiarr, below, J 

//. inU-rmfiltum 


„,.,,,.,,f,.sTVrK.orno.ioK.M 

anJ ventral views of 
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Eoy CJlex Wiggans 


This species is of limited importance, from an economic standpoinf 
both in the United States and in Europe. One variety, Arlington Awnlcs;: 
is of some importance along the southern border of the barley-prodiidiiit 
section of the United States. 

The varieties belonging to this species are probably of hybrid oiifri,, 
for the most part, and have been in existence for only a short time, 
an illustration, Derr (1911) gives an account of the hybrid oripiu ef 
Arlington Awnlcss. 


Kci/ to varieties of H. intermedium 

A. Kernels hulled. P.v.f 

B. Lemmas of rentr.al spikelets awned. 

C. Kernels white, blue, or purple. 

D. Spike narrow, lax, no<ldinK; internodes of rharhls long f.'l.O- i.o ciii, 
to ten internodesG base of lemm.a wnth hor3e.shoe-like dcpre.s.‘<ion. 

E. Rhachilla beset with long, straight hairs. 

F. .Awns .short, barbed. 

G. .Semi-winter habit of early growth. 

HH. Figment present in aleurone layer, light blue 

.Vrlington .twnle--' I.IJ 

CC. Kernels black. 

D. Spike narrow, lax, noiJding; internodes of rha'his long f.'l.O-l .'i ein 
to ten internoejesi , base of lemma with horseshoe-like depre.-.vion. 

E. Rhachilla b<-<t with long, .straight hairs. 

F. .Awn .-hurt, barl/Od. 

G. .Semi-winter habit of early growth .S. F. I. li.l 


A.A. Kernels hull -leas. 

BB. lyemma.s of central .-pikelets hooded. 

C. Kcmel.s white, blue, or purple. 

D. .Spike narrow, lax, mslding; intemodes of rh.aeliii long •") cm 

to ten interno<]esi; base of lemma with horseshoe-like ilepreasion. 

E. Rliaeliilla beset with long, straight hairs. 

F. .s*pring habit of early growth. 

G. No pigment in aleurone layer, white or yellow. . . 

Nepal Hull''- -I'"' 


Desen j/tions of nineties 

Arlineiton Aierdess (Pltife X.KXVI, M). — Ftilmge meiliiim gi'cen mIiii' 
mediimi to short, .sm.ull in tiiameter; setiii-winler in early habit ol u'm'il'' 
spikes only' slightly e/nergeil from sheath of Itusl letif; mt'dium in ni ii'ini^ 
spikes la.x CdJh-'-iA cm. to tr-ri iriteniotlis), ntHliling only sliglilb i "" 
light blue, pigment prrsent in aleurone Itiyer; gr.iin of meditm ’di'M 
metliunn to small in size, grain of sitle spikelet.s only sliglill.v m'" 
half till* size of that of meilian s|)ikelet; lemma atiheriiig ' I' ' I' 
earyofisis. lenirn.'i of. metlian spikelet short-.awned ('never nioie d 'i 
crn.j, lemmas of side spikelets blunt; five nerves of lemmti incomi’ 
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IiKimI im rvcs barbed ; base of lemma horseshoe-shaped; outer glumes 
.lUiiiu. awii-poiiited; rliachilla beset with long, straight hairs. 

Specimens of this variety found under the following names: C. I. 702, 
Coiiiell S(‘l('i'lion I. Cornell Selection S, Cornell Selection 9. 

S.r. /. (Plate XXXVI, 1.5). — -The variety S. P. I. 40320, which is 
ptnlwlilv .1 seb'ction from the original ero.ss that produced Arlington 
Awiiless, (litl'ers from the latter by possessing black-colored grains. 

Xipdl Iliilli ■':s (Plat(' XXXV'III, 28). — Foliage medium green; culms 
>li(ii'f hut i at her large in diameter; ena-t in early growth, stooling very 
lntlc: medium in maturity, maturing just ahead of Arlington .Vwnless; 
'pikes lax. 3. 0-1.0 cm. to tim iiiternodes of rhachis, nodding, short; grain 
white: grain of median spikelet medium to .small, grain of .side spikclets 
ahdut two-third.s as larg(‘ as grain of median spikelet; lemma free from 
caiyii|ei', lemma of median s[)ikelet hooded, hanmas of side siiikelets blunt 
t(i awii-poinled. point never more th:in 1 cm. long; five nerves of lemma 
iiiciin'pieuou^. lateral nerves harln'd; outer glumes narrow, awn-pointed; 
I'liacliilla beset with long, straight hairs. 


IIOliDEfM Dl.STUaiON' 


Uiifili mil ilist/dion is distinguishetl from //. vulgare and //. iniermedium 
ill the cliaraeier of b'rtility. II. dt-dichon, like II. spontaneuni, hiis only 
the ceiitial spikelet of the three* spikelets at each node of the rhachis 
tiTtile, uliile //. ndgiuY and II. ind rmrdiuin h.ave all three spikelets fertile, 
lln'laieial spikelets of II. ili.-^liclion, although infertile, have all the floral 
"luin.'. iiieliiding outer glumes, lemma, palea, and rudimentary sexual 
'iiffluis rill, .same variations in den.sity of spikes (fig. 70), terminal 
appi'iiilani ^ (ii^r. rhachillas, size, nliaix*. and color of kernels, barbing 
"I lati ial iicrves, color of lemmas, and adherence of flowering glume 
’ll-' 71). aie found in this sjx'eies :us are found in U. riUgarc, and for 
this II iHiii a detailed description of these variations need not lx* 

givi 'I 1|(.||., 


^ //.Cm,, 
>t is iKit n 
hiirlcv !,,i 

I'KiillIrli,.,, 

/kortii h.| 
the (-III 


lion i.s of (.(jiial iin|K)rtance economically with II. ruljarc, although 
nown as exten.sively in the United States. It is the leading 
malting purposi's in UurojK’an countries. The extensive 
ol varieties of (his sixjcie.s in the United States is limiti'd to 
i ota and South Dakota, but it is grown to some extent over 
i ' ll h y-producing region. 
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II.. Timi.r; <,k rv iioiiiu i m i.i^rnmiv 

fan fi'trif.y, f?. (i.fl.ltlinrjV', (' r'f,|.v,.Ll!,.r 

K"! lortn-i.'/irsof //, ,h.,l,rholi 

A. K^rn''!s 
ii. 

C- or pijrpl<* 

u. <pik>- n.irroH- l.ix, inN-rmxlF-n of rh.vhiM Iohk f.'J.O 1.1 nii. to 

♦ n ifiK rn'Kic^. . of |».rrH,);i wtfli h'lrs/'Hhfw-iikr ‘li-prcHyton 

i>. rK--^ f willj l'»ng, ''tr.iijjht 

I . Awns tnou Im-o to tip 

.''priiiK fuJ'it f,i *nrlv (frowtli. 

ff. ni-rv* H -rnooth il.miia 

Hif. f.,.it«T.'i! (/-trlx-*] 

f. \o (nK4ri^‘it( in ;ilriiror(*‘ Inycr, whit** or yollow 

VrTrtionf (’liao j’fiii 

II. f i^nit’nt proMcnt in Almronc hiyor. fJark ijlijo 

Xurkish •'^0' ^o,'i 

FF- srrifK>th at l>:v«* for (rrrafor or Ii'.hh tii^lsnop. 

>prif»ic li.ifot f)f «*ar!y gr«>wth. 

, ff F.'tl<Taf n#TV»**4 .srrMKylh Sn 

EE. Kha/ hilla (»..».» wilb Mhorf, inor.- c,r lem recurved hairs. 
r. .Xwn-i froirj tfj lip. 

O. .Sprini; habit of early growth. 
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H. Later;il nerves smooth. 

I. .'jpike utibranehed Chevalier. 4.30 

II. Spike branehed , . , \\'e.s.«ling. 430 

HH. Literal nerves barbed. 

1. No pigment in aleuronc lai'er, white or yellow 

Manehury \ N'erinnnt Champion. 440 
II. PiRinent present in aleurone layer, dark blue 

Turki.sh Syrian. 440 

FF. Awns smooth at base for greater or less di.stance. 

(1. .Spring habit of early growth. 

HU. Ijiteral nerves barlxal. 

I. .No pigment in aleurone layer, white or yellow 

■Syrian. 440 

DD. Spike broad, compaet, usually nearly erect, internodes of rluu-his short 
fj. 3-3.0 cm. to ten internixlesi: ba.se of lemma eros.s-crea.sed. 

E. Rhaeliilla Ix-set with long, straight hairs. 

F. .\wns burbl'd. 

(i. Spring h.ibit of early growth. 

11. Ealeral nerve.s smooth; density greater than - cm. to 
ten interniKles of rlmchis: spike of uniform width from 
ha.se to tip Coldlhorpi'. t-IO 

HH. Literal nerves barbed, density less than 3 J cm. to ten 
iiiternixles of rhaelns; spikes broader at base than at 
tip. fan-shaped Kan Harley. HI 

EE. Rliachilla beset wath short, more or le.ss recurved hairs. 

K. .\wns b.irix'd 

(!. Spring habit of early growth. 

11. Liter.d nerves smooth, density greater tlian 2 cm. to ten 

inlerniKles of rhai his I’rimus. 4)1 

CC. Iv-riiels black or oontaining black [iiginent. 

H. Spike narrow, lav, iioildiiig, internodes of rinachis long '30 I 1 cm. to 
ten interiiodesi ; b,a.s«' of lemma with horsi-shiK'-hke depre.s.sion. 

E. Rhachill.i besi't with long, straight hairs. 

K. .\wns barbed. 

(1. Spring habit of early growth. 

HH. Isiteril nerves barlx’d .\natolian Black. 442 

EE. Rhaeliilla Ixcsi'i with short, more or le-ss rerurvisi hairs. 

F. .Vwiis harixsi. 


Cl. .Spring habit of early growth. 

H. Literal nerves smuoih Black Two-rowcsi. 442 

Ijlj. hrifxlisl * 

CC. IvTiicls black i»r coMtaiiiiiig bl.v'k pi^tiirnt. 

lb S[)ikf’ narrow, la\, niNbliriR. mlcriKHlc.'* <‘f rhat'his long (JkO-LI cm. to 
Ion int<'rrnNb'*4i ; of lornnin Hith Iinr«‘shoo-hkr* (loprt\'^on, 

iliiachilia with short. rn<»n* <»r h*sS.»i r<H'urv(Hl hjiir-s. 

J • Spring habit of rarly ^jrowth 

AA r t , norvoH barlMMi InCTi^scenii. 44- 

V'rHfla Kllll-kiss. 

Cuirii.is; awnod. 




VTticU wilito, blue, or purplo. 

b ^pikr narrow, la\, niMhling: intrrniHicH of rharhis long [.bO LI cm. to 
ten in(«*rn(Kh'si : bjiM* of loiniiui with h<‘rs<vshoA*-liko dcprcAiwion. 

L. Rbn(*lnllu Ix'.sct with hairM. 

C. Awns barlxHl. 
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G. Spring habit of early growth. 

HH. Ijtteral nerve.< barbed. 

I. Xo pigment in aleurone layer, white Naked .Sprin'f. 44’ 

II. Kginent present in periewp layer, purple ” 

S. P. I. Hi:).). 4(;j 

DD. Spikes very broad, compaet, erect; internodes of rhaehis veiy 'hori 
• (1.6^2. 1 cm. to ten internode.s') : bas»! of lemma cross-creased. 

E. Rharhilla bc’set with long, straight hairs. 

F. .\wn.s barbed. 

G. .'spring habit of early growth. 
ilH. Lateral iKTves barljcd. 

I. No pigment in aleurone layer, while or yellow 

."Select ion l.l(. 443 

BB, Lemmas hooded. 

C. Kernels white, blue, or purple. 

DD. .''pike very broad, eompaet, erect; interno<les very short (l.li 2. 1 cm. to 
ten internodes' ; ha.se of kernel eros.s-ere;i.s<'d. 

E. Rhaehilla laesef with long, straight leiirs. 

F. .'spring habit of e.arly growth. 

GG. Ijiteral nerves barlx'd. 

IL No pigment in aleurone layer, white or yellow 

.'selection tilh. 443 


CC. Kemehs black. 

D. .S'pikc narrow, lav, nodding; interntsie.s of rhaehis long (.'i.O-l.l cm. tu 
ten internodes'; has*- of lemma with liorsesliia-like depression. 

EE. Rhaehilla beset with short hairs. 

F. Spring habit of early growth. 

G. Lateral nerves stntsdh, .sieleetioii 11(1“ IIJ 


Dexeri pliDita of lyin'd’rs 

Hanna (PLatc XX.W’f. I6j. — Poliairf mriliiitii tn-t'i'ii; ciiliiis nit her Ion, t 
slentlor. often l(Ml>ring nridor utlvorsf \vi':ithcr l■on(litioIl.'^; orcel ;;; '“'ilv 
habit of growth; sjtiko ii.siially well out of slii ;ith of la.-^t Ifaf: nii iliiini !" 
lato in maturity, later than most tif tho eonnnoii si\-row(>(l lutrli X'. 
lax. nrxl(linj>;, Icnjrth of intcrntMli-s varyitifr from 3. .3 lo LI cm- ""h nn 
avorago lenjcth of from 3.6 to 3.8 em.; xrain nit her .short (!) niio 1 . 
plump, symmt'trical; lemma tind pali-a cros.s-wrnikli'd, yellow in '"I"' " 

darker at haw; awns lonji, inoro or les-s sprcadiiiK; live nervos d 1' in'"'! 
morn or If.s.s con.spicuoii.s. lateral rierYf.s .sj/kkiiIi; Itii.so of lonno ' "iih 
.slight hors(‘sh(K’-likc tlcpros-sion ; rhticliillii iM-sot with lonp;, simigl ' l'"ns. 

Tho followin(r siibvarietit's may Ito dislinjrni.shfil within iln Hmii.i 
variftty. 'riifvsf divi.sion.s cannot Itc made with ah.soiiilr rertnint} . i 
a.s the differences are in tlt'Krre anti are naturally niort' or li'.s.s " " hni'' • 
Such characters as height and maturity, a« already explaiti' d | " 
l>c relief! upon Iteeau.st; of variafion,s prtxluccd under differc/d c"' 'Idions 




I.- :i XSIllMlns IS HKMISM. U-rKSIM.:!: SM. MHil.HKSCK ,0 U'MM S 

IV ir, .U.,v, c. N- ‘K.-.! '^I.rliu. I>. " 


A 1,^1, 1 ^rrcrn , \rry >*;irly iii.ilurity. '•IhtI (‘iilnis . 

■'' '' I'll'iji nii ijiijni (n (i;irk ^rcrn; cuIiiin to huik. U-uiua. 

I' '1 iini («j early ifi iri.'ilurity 

varialiun o.T.irs \mv Ix.lli in malurily an.l In allituclv .>t 
1-1 u.ai<.|;.l. Ilii' vi-'cinK'ns n:iiiU'.l Hionulun aro Mniu'\\lia 
" ni.iliiriiv, and ik)s.s('ss -i slightly wlncli ilrmip-s to a 

gnaii ^^ 1 ,, (imji (In, iljiiiDji). 



438 


Roy C.lfa' Wiogans 


follom'ng names: Abed Binder, Aekennans Xiedebayrische, Austin Au.stra' 
lian, Au.-'traiian Faily, Australian llolUschauer, Australian I.oosdorfcr, Austrian 
Hanna, Austrian Proskoivetz, Bavarian, Bayerische Ijandgcrsto, Bohiuui;), 
forni.a Chevalier, California Morarian, Canadian, Chevalier, Chinese (Kiiiij'Kiiai 
FrankergcrsteStamni, French, Cerman, (Icrman Bavaria, German Hanna, (hTmaj 
Heils C.rankcn, German Xolc I’arly, Gold Foil, Hanakiscbe Oerste, !Iaiaf),r 
llunKarian Hanna, llnii!!arian Loo.stlorfer, Japanese, Kwassitzcr Hanna, hd). 
miner, l.oosdorfer, Afahri-idie, Xiederhayerische IjiniiRerste, Xole.s Rohpnua 
Priiskiiuetz, Pure Brinl Sprini>, Uounianian Chevalier, Uoumanian Cranmon' 
Roumanian ffanna, Rud, Bethstes, Scottish Fothian Chevalier, Sechsanilir' 
.Steiaun, Seal .f, S\al J Hamii’hen, Swishsh Gold, Swedish Gotland, SucJisli 
Oland, Swi'S Spring, Two-roivial Black, Zeines,s Verisl.i 
BR. laate to Very late in maturity, a much Rrcatcr cunstanl dilTerence Ix'livccn this 
subvariety and Hinua than IretinsTi Hanna ami Hannehen Princess 

Additional sji. i imens of this subvariety found under the followinR names- Heines 
Verls.-'Scrt Chevalier, fiaUitt, Afahndorfer, Xelherlands, .Svalof Princess. Sivedish 
Princess, rnterfranki<e'he Zuchtaus-srhussRcrste. i 


Omtuiiuiii . — '1 ti(> v;iiii-tv Ncriiiolii (’li:iinpion liiis (he samp 
goiiorul chanieioristics us has the vtifioiv I luiiiia. except that Itarhs appear 
(iti the lateral ra-rves (if tlie leiiiiiia. Soiiii' v.triatidii in thi' (h'gree oi 
barliiiig has I'lmiul, iuit ihifiiig the jx-riod uf the present sliidv tlip 
sjH'eitiieiis tiaiie-il Ih-Idw have always been fiitmd to htive some barbs 
present. 

.\ddiiiimal ']«Tiiiiens rif this vtirieiy were found tinder tlie follotviiig 
names: ( hili'jter'te. Freiieh, (lerni.-in Bavaria, (ierste atis dpiii Ihiiiat, 
Ilamia X Wi'iniini ( 'lianijtion. Jeni.salem (ierste, Jiitliindiseiie (ierstp, 
Swedi.'h tilatei, rngariselte Ha:ina. 

The sjiieimen named Ibinna x Vermont f'liampion w:is somewh::' 
and a little ch-ii.ser than tlie other subvarieties. 

Tui'l.i'li Siriijrnii. — Foliage inediiiiii green; number of nodes in c'llih 
simdl; culms short; ereei in e;irly growth; spikes seareely omei'gcd freiii 
.slioatii of la.'t leaf; eailv in matiirily; spike.s medium in length. hiX, 
nodding; internodes of rliaeliis long (3,r> 1.2. em. to ten iiileiiniiipsi, 
grtiiii liirge, dark blue; lemma closely adliering to earyopsis. H'Uiiih 
dUeoloreil, awned ; awiis luti bed from lui.se to t ip; nerves of leinmti I 'adicd. 
base of lemma with liorseshis’-like depre.s.sion; outer glumes 
extendiiig jii.-t U-yimd lemma; rhaeliilla be.set with long, straight hiinri 
the hitiis oeea.sioiially rather Sparse • 

.\dditiijiui! .-peeiinens of thi.s v.ariely were found under tlie I' buM'ig 
nariK-s; Syritui, Turkish i.'siuyrtia Highlandj. 

.Siirjniii. The variety Smyrtia is di.slinguishtsi from Turkish 
Iiy f)0'.i<-s-ing II; awuH which arc (»n!y partly barlrcd. the barbs api ' d'''^ 



V ('lassificatiox of the Cultivated Varieties of Barley 439 


at tho tip "f tiwri and oxtondinp; from ono-third to two-thirds of the 
clistaiK''' to tho base of tlio awn, tlie base of tho awn l)oin<; pcrfeetly smooth, 
( 2 ) sinoolh lateral nerves, and (3) nonpifimented grain. 

Th(' following key separates th(‘. subvtirieties of the v:iri('ty rsinyrna: 

A Culms sheirt: Parly in maturity . , Smyrna. 

(AiMitidiiai .sppciiiipn.i found under the followin'' names: Afriran < Vnatolial, 
Australian Ifollischiiiier (Hanna), California Che'-alier, Ouehae, .Smyrna d21, 
Turki.sh, Turkish .Afrokarehissar, Turkish Anatolian, Turkish Smyrna Hifrhiand.) 
AA. Culms medium to long; medium to hate m maturity Schaley’s. 

Chvnihir (Phite XXX^'I, 17). - Tlie v.-uieiy Chevttlier is distinguished 
from Hainia only by the ehtiracters of the rhiichilki. The ibafliilla not 
onlv is beset with short, fine ludrs which .arc more or le.ss recurved at the 
tip. hut is about one-h:df longer in Chevalier than in Ibuuiti. (Otherwise 
tho two v.arieties seem exactly the s.ame in adaptation a.s well as in observ- 
jlile morphological chanicters. 

The names as ap|)lied to these two v.arieties iiught be reversed and still 
bo just :ts correct. The only re.ason for .applying them .as they are applied 
i,s liecause more specimens with the n.atne Iltintin att:iched ;ip])e;ired with 
the ('luii'.'ivt eristics of Hanna .as Ina'c givmi, th.an .aiijicanul with the char- 
acteristies of Chevalier as Ina'e given; while no six'cimens ,ap|)car('d with 
tho name lldinin with the ('hev,ali(a' (diaracters. 

The following key .sep;ir.ates the subv.aiieiies of the v;u'iet\' < 'hexmliiu': 

-A d.irk green, hrmid. \*erv ejirlv in nmturity Hawiri.'in. 

' Vti .iddil KMUil sfieeuiien found Under I he mime Itieser (ierste ' 

A.A I 'llutge medium green, nvernge widlli; nnslium (o hile in iii.'ilurity Chevalier. 

Otil'litioiial sjM'eiriiens found under the following ii. lines Viistraiian, H.dtoii, Herg- 
slrasseii, Ihihemian, Califnrnia Clievilier, ('liallenge. Cliexaiier (Kin\'er.s , Chilian 
Cli'ialier, Engh.sh Chevalier, (lolderi Drop, (told l-'oii, (loM Meleiieii ('heialier- 
ger.te, Horn, Idaho, Manrhiiria, New Zealand, I’felrer. I’rotisOuir IVrlgerste, 
Si"iiiselie .\imat, .Sriitti.sehe I 'erlehevaliergerslc, .Seota'h Chevalier, Silver King, 
r'eiiih ,\friean Ceilden (Irain, rigsiieiman HaltliHlnre. 1 he spi'einien nanuHl /tu/teii 
was found III 1 k' more dense (.'J.O .1.2 eiii. to ten interniHle.si than the others of 
llus groupu 

hi"////i/, d'lie variely Whossling dilTers from ollna' Iwo-rowed barleys 
In |)ossesv||]jr (I) a more or less hranehed spike and I'Ji ;i triplication of 
■pikelets ;ii some of (li,. nodes. In this variely, insle;td of one .set of tlirei' 
Tikeleis, ,,| 1 |. fertile ;ii|i| two Sterile, there are .at ;i number of iiodi'S near 

1' h.iM ,,l the spihe three sets, llnis giving three terlile and six sterile 
‘ ! iki li I s || ,111,, 11, „||, j I, some c.a.ses, .also, :i secondary r ha eh is is prodiieod 
]i!,ue of the fertile tnediiin spikelels. 1 his secondtiry rliaehis then 
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boars throe spikolofs at ('ach node, all of wliidi aris(' on the outer sido. l,i 
other morphological characti'is this variet\' is similar to ('hevalier. 

The original spt'cimeti name was Wessling’s TrouiKuigerste. 

^^anchurlJ x VfDHunt Cliitmpion (Plate X\X\TI, 18). — 'FIk' variety 
IManchurv x Wrmont (’haiupion is distinguislK'd from Chevalier by the 
pres('nce of liarhs on the later.al rn't-ves. This ditTi-renec' has laa'ii found to 
he constant, altliough the degrea' of l)arhing \'aiies to soiik' extent wid, 
different .sea-sons. Tin's group has the .same adaptatiims as Chevalier Imt 
ha'.s not been grown so (‘.xtensivelv. 

The following key separates the subvariiUies of the vtuiety Manehmyx 
\'ermont Chainiiion: 

A. Kernel.-i ; :i\vii.s ratJuT fine. iiM*re or levs deriiliious 

.Maiii-liiiry x Veriiioiit Cham pi in, 
(.Vdditioiuil .'•ps'ciriiens of tliis v;iriel_v foiiinl tiricler tlie follow'iiiK naiiie>- .Vu-trun, 
California Chevalier, f’tieviilier, fleriiiaii. .Vole.s .Moravia Chevaliergerste, J’riiicies, 
.Svalof Chevalieruervte, .Swedish f'tiev.itiiT 1 1 I 
AA. Kernels very large, awn-s coarse, .shoaing no teniiency toward deciduou.Miioi, . . , 

.Sclectnm jtO. 


Turkish S>/rinii. — lV;liag(> medium green; culms xcry short; erect in 
early growth; spikes failing to emerge eomiiletely from shetdh of lad 
leaf; rarly in nuitiirity but .s«uuewh;it uneven; .spiki-s sliort. erect; iiilci- 
nodes of rh.aeliis long 8. S cm, to ten internode.' i ; gitdn rtitiier Iniitf 
but not pliimj); aleurone layer jiigmetited, dark blue; lemni.a adhenng 
tightly tf) earyojisis, awned; awns Imrbeil for entile leogllr later, al iirr\(s 
of lemmti litirls'il; Ici.se of lemma with hoiseshiM’-like depression' eiitiT 
glumes narrow, awn-(X)inted, sean.ely extending lieyunil lemm;i; diai'liilb 
Ixxset with short htiirs, 

Sifriu/i. — di.stingiii.'hed from Turkish .Syritiii by jjo.s,sessing (I) iwii' 
barlx'd from one-third to tw<>-thirds the dislame from tip to luo' llir 
ba.se being [XTfeetly sinordh, and I'J) iioii|)igmenled grain. 

(iobllhfirpi' (Plate X.X.W'II, 19). — J''oliage medium green; eiihn 
leaves rtither broad. ;ii<und;iiil ; r-reef in earlv growth; very hile in m i 
.side .'pikeif-ts somewh.'it more develoiKsi flitin in ('hevalier; s[)ik< 
lerigth of ten internodes U.O-d.O cm ; angle of im-linatioii of kein 
rhtuhis, great, making spike broad; .spikes same w'dlli from bio' 
molding to eonsidemble e.xtent but. not so imieb a.s in l.ixiT types 
deseriU-d; grain white, long, rather broad; lateral nerves formin', 
prominent .shoulders; jjalea and lemma, not so iiiucb cros.s-wrinkh 
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.Z h:uZl ^'^nccl; 

.1 l(.nin. .•,oss-,.n.as,.|; outr Zio 

l.....ai.l,. hairs; rlul-his in stlrt '' beset with 

'JV.i ii)i|)ortaiit coiimKTcial siihvart-fils' orr''| ItT 
(iiiMiiinipr, liav(‘ only OIK- ,lis(i„a-„';.| • . SvanhaJs and 

tluai <iiil(|ilioi'|)(‘. ' *'" fa ter in maturity 

'"-nA' 

< m:: Kiei i :: 

A»rl,Ah.nr;ian. Xm- /im-fon M-d,;„ ^ ' ”""ttarian. Imj^rria], 

hdiiaii Standwcll, Spia.rr.ha.rsK*. •',||- n ' ‘’''^I‘*'''‘!'’.'f'“iX'riallcyK. Scottish 
- Wrl I. mIh^Z '''-^oia Selection 4. Virginia 

•hMitiiii al Spcriniriis of S\'anha's m.iy. f, ,, i j , , 

'"J'ltli'qic, //tin/< ,//// ", f ’v" ''>howing names: 

■«'■ -I*''- in ;, , '•''■■> "< '"'orewe,! ll|„n 

'"l.'^rg,. Jcnm'n a Ih''’- ; grain white 


■A''l''nlm,.rir,?hcd''''h^.,!*'"/^^^^^ a|.|>e.arance of a fan; 
''“"'-■•"■.ed,e,x,„„dina,.,, i..„ J ' ''ross-crcaaed; outer 


'"""'"l»c!-aui,ed ,.v. , r '''•"^■"-'■reaaed; outer 

hilhZ'' ’ *" 

<1- f-nowing 

''"riltlZ: V'f '-r'"' "--hachilla is beset 

'■ with long, straight 

""" Standwell. 
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Svalof’s Primus, Swcclisli Upland. Tasmanian, Tasmanian Ideal, I planii 
The specimens under the second anti thirtl names arc somewhat earlier 
than the others. 

Anatolian Blick (Plate XXXVII, 20). — FoliaKo meilium green; culms 
short to medium in length; le.avu's rather .short, narrow; erect in earlv 
growth; stooling very little; .spikes scarcely ('merging from sheath of last 
leaf; medium to early in maturity; spikes lav, nodding to only a small 
angle; kernels forming only a slight angle of inclination with rliacliis; 
grain rather large, long, brown to Idack, black [jigment in both jmricarp 
and glumes; lemma adhering clos('ly to caryopsis, awiual; awns and lat- 
eral nerves barlu'd; base of lemma with hors('sh(X'-like de[)res.sion ; outer 
glumes awn-point('d; rliachilla Ixtset wi'h long, straight hairs. 

-Vn additional specimen of this variety was found undc'r the name 
.Vsia Minor. 

Black T\ro~roiriil t Plate XXXVII, 21). — Foliage light green; loaves 
larg(‘, broad, long; culms long, medium in size; erect in ('arly growth; 
st(;oling well; spikes eompli'tely emerging from shejith of last h'af; latB 
in maturity; spikes lax, long, nodding; grain black, pigment in both 
glumes and pericarp; lemma adhering clo.sely to caryopsis, awned; awns 
long, more or less pigmented, barix'd, .somewh.'il spreaditig; latf'ral nerves 
snmoth, cons[)icU(iU.s, forming prominent shoiildei’s ; base of lemma with 
horseshoe-like depre.ssi(m; outei glumes narnnv, awn-pointed; rhachis beset 
with short hairs. 

,A.d<litional sfreeimens of tlii.s variety were found under the following 
names; Ilordcmn didir/inm crf'tmn, Sehw.irze Zweizeilige (lerste. 

I ngrc.tren.s . — I'oliag*! medium to dark gi'cen, abundant; culms tall, 
sjiikes la.x, nodding; grain black or dark brown, large; lemma eloseh 
adhering to earyo[(si.s, laxxleil; hixid.s sm.ill, sej on short awns; hileuil 
nerves barUil; ba.se of lenumt with horseshoe-like depre.ssion ; oiiiir 
glumes awn-[)ointed, narrow; rliachilla often reduced, liesel wilti stwit 
hairs, 

rhis variety is of no economic iiuiKirtance. Only two sis'cimeiv 
obtained, which may U: seiiaralml bj' thi; following key; 

A. Very late id matiiring; fetiimc rl irk green; kavi.'S very brcaid; .spikes very loc- j 

A,\. Medium in maturity; foliiiK« iii«slium gris-n; leaves onjy blightly broadi r '■ ‘ j| 
average for barley ; apikes medium lu length, gram medium in size 
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Xiiki'l Spn'ny (Plate XXXVII, 22). — Foliage dark green; culms short 
and weak, with strong tendency toward lodging; erect in early growth; 
early in maturity; spikes lax, long, nodding; grain white, very large, 
almost oval in shape; lemma free from caryopsis, awmed; awns very long, 
barl'cd; lateral nerves of k'mma barhed; base of lemma with horseshoe-like 
depression; rliachilla beset with long, straight hairs. 

AiJ adilitinnal specimen of this variety was found under the name 
Gersfe aus der Krim. 

.S', P 1. IfllBS. — Foliage medium green; culms medium to short; 
erect in early growth; average in maturity; .spike of medium length, 
usually (Tcct : grain siinill, itui'iile; letnma free from caryopsis. slightly 
pipii(‘nt(‘(i. short-awned; awns and lateral nerves of lemma barlxal; 
rliacliilla beset with long, straight hairs. 

.\ii additional spi'ciinen of this vtiriety was found umli'r the name 

?. P. 1. 111()2, 

SdiclidH (U/j . — Foliage d.ark green; culms short, rather large*; erect 
in early urowth; ine<lium in maturity; spike's dense, breead, short, erect, 
('merging from side of leaf slie'alh; grain neinieigme'iite'el. ov:d. medium in 
■size; leinina frea' freim earyopsis, awne'd; .'iwns very spre'aeling. barlxjd; 
nerves eif lemma barbi'il: rhachilla Ix'se't willi leeng, straight hairs. 

lliis variety is eif no e'cominiie' iiii|>e)rtane'e‘ at pre'se'iit. 

Siluiuiii (tin. — foliage' very eiark gre'e'ii; e'ulms slietrt, large: leaves 
V('ry>liori. broad; me'eiium in fe'itility; spike's veav sheert, breiael. emerging 
lardowii side' of leaf she'ath; side' spike'le'ts ve'fv large' but infe'rtile; grain 
neilplgnie'liteel. large'; lenima fre'e' freein e'arvetpsis. heeode'el; nerve'.s of 
r'liinia b.irbeel; rliaehilla In'se t with long, straight hairs. 

Tins variety is of no t'e'onomic imjreertaue'e at pre'seut. 

C/eeV/eae iin; (Plate X.\X\'II. 23).- - Foliage' eiark gre'e'ii; culms me'dium 
ti) tall; |.i(.,.| j,, (rreiwtli; late' in maturity: s|uke's lemg, narreiw, 

imeleliiig: iiiternoele's short: grain blai'k. narrenv but me'eiium in le'iigtli; 
Idiima iiee' freini earyeepsis. hexHle'ei; hiteral iie'ive's barbe'ei, rhai'ltilla 
"''■t "ith slieirt hairs. 'Phis variety is of no e'e'emomic importance at 

pri'si'iii. 


II "‘■'I,,, in 

”"Cii Ih'I freem//. 


HORDErM DKKIe lKNS 

(pt'erbably first ele'.serilx'd ;us //. is elis- 

iltjarc and II. intcrmifliuin by the sterile side spikelets, 
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and from //. distichon l)v a uiroat reduction in the stnietures of the Mdi 
spikelets. The side spikelots of //. dijicicn-s d'lt:. 72) not oidy are sunlr 
but also are reduced in all the Horal parts to a much greater extent ihm 
in II. (li-dii'lioii. In some ctises till that remains in evidence of :i m,!,. 
spikelet is one ou'er glume. Neither pistil nor stamens tire e\'er preseni 



A b O D E 


in, 7J V H TVI'I.' U. \! I.K'ftn.N-' 

A, StlcTrion #fJl . B, Courljinfi; C, S, B F FI IV*. I). 17 

//. tUfififU'i has n(?t hcriunc of cconormf’ iti lh(* I niud s’ 

Abvssiniti is the source of piaciictdiy ;dl the- varielie.s belonging 
.S|)ecies. 

Kti/ to loriflif.-i of II, ihjirii m 

A. KcrncU 

B. F/'fnrri.'i.-’ .twrit'rj 

C. Kf-rn^ h whjf**, or purpl**. 

JL>. .•'pikf n.'fcrrosv, !;iv, n^>rl(linK. f>f rharhin lon^ ('F.O-t. I 

f<;n of U’rrirnii witFi h'ir*>CMiifH!-hkr <i«*F)r(*HMinii. 
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E. Rhachilla beset with long, straight hairs. paob 

F. Awns barbed. 

(J. Spring habit of early growth. 

H. Lateral nerves smooth Russian Courland. 445 

EE. Rhachilla beset with short hairs. 

F. Awns barbed. 

G. Spring habit of early growth. 

HH. Lateral nerves barbed, outer glumes very broad 

Selection 44. 446 


CC. Kernels black. 

D. Spike narrow, lax, nodding; interno<les of rhachis long t.3.0-4. 1 cm. to 
ten internodesi; base of lemma with horseshoe-like depression. 

E. Rhaehilla be.set «ath long, straight hairs. 

F. .\wns barlxal. 

G Spring habit of early growth. 

Illf. Lateral nerves laarlxai Selection 621. 416 

EE. Rhaehilla Ix-set with short h.airs. 

F. .\wns barind. 

G. .'spring habit of early growth. 

HIE Lateral nerves barbed .stelection 622. 416 

BB. I.eiiima.s hooded, 

CC. Kernels blaek. 

IJ. Spike narrow, lax, nislding; internoiles of rh.aehis long (.1.0 -d.l cm. to 
ten internoiles 1 ; tia'C of lemma with horseshoe-like dopre.ssion. 

E. Hhaehilla lyset with long, straight hairs. 

F. Spring habit of early growth. 

G. Igtteral nerves smooth. ... . .Selection 6.57. 416 

\\. Kernel- hull-less. 

B. Lemmas a« ned. 

C. Kernels white, bhie. or purple. 

D. ."(pikes n irrow, l.tx but er.'et . intern >les of rhachis long iS.il-l. 1 cm. to 
ten iiiternodes); ba-e of lemm.a wnth hors<>.s!ioo-like depression. 

E, liliaehilla Ixeset with long, .straight hairs. 

F .\wiis barlxsl. 

G. Spring habit of s*arly growth. 

nil. Igiteral nerves barbed . ... . S. R. 1. 41 1.5.). 416 

BB. Lemm.iS liooilisl. 

C. Kirnels white, blue, or purple. 

Ik Spike broad, erect, but interiHxles of rliaehis long !.1.3-.'1.6 cm. to ten 
internodesi; biv.s<' of lemiiia with hor.s<‘.sh<K‘-likp depression. 

E Hliaehilla Is-set with long, straigh* hairs. 

F Spring habit of early growth. 

GG Lateral nerve.s barlieil, lemma seven-nerviHi . . , .Selection 62.5. Hi 
CC. Kernels black. 

It Spike narrow, lax, slightly nodding; intermxles of rhachis long (6.0 1.1 
eiii. to tim interniKlesi; baseof lemma wnth horseshoe-like depre,s.sion. 

L. Hhaeliill.a be.si't with long, straight h.airs. 

1'. .""pring habit of early growth. 

GG. I-ateral nerves barbed Selection 626. 447 


Ik-scriplioiis of raridicK 

('ourlonk (PliiUi XXXVIII, 24, tind I’ir. 72. B), - The varioty 
' "iirliind is characterized by the siune general apiK'arancc tunl 
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adaptation as Hanna, in H. diMichon six'cios, with the one exception of 
the development of the side spikelets. In this variety these are verv 
rudimentary, consisting onh' of the outer glumes and a very small, 
undeveloped lemma without palea or pistil. 

An additional specimen of this variety was found under the name 
Early Chevalier. 

Selection 4i-- — Foliage dark green; erect in early growth; spikes 
emerging from siile of sheath of Last leaf, rather lax hut broad and nearly 
erect; grain nonjngmented. usually .somewhat discolored at b.ase; lemma 
adhering closely to caryopsis, ba.se with horse.shoe-like depression; awns 
short, broad; outer glumes of median spikelet half a.s broad as lemma, 
short-awned; lateral spikelets much reilueed, with outer glumes awn- 
pointed and one-third width of outer glumes of median spikelet; rhaehilla 
beset with .short hairs. 

Selection 631 (Plate XXXVIII, 25, and fig. 72, \). — Foliage dark green; 
culm.s average in height; creed in e.arly habit of growth; spike lax. nodding; 
grain black, glaucous; lemma adhering elo.s<dy to caryopsis, awned; awns 
bartied; lateral nen-es barlred; outer glumes very pulrescent, awn-pointed; 
rhaehilla be.set with long, straight hairs. 

Seltction 633 . — Foliage medium green; culms average in height; erect 
in early habit of growth; late in maturity; sjake lax. nodding; rhachis 
showing strong tendency' toward brittlet)e.s.s; grain black, medium to 
large; lernm.a a<lheririg closrdy to ciiryo[)si.s, awned; awn.S black, barbed, 
lateral nerves barlwd; outer glutnes small, black, glabrous, awn-ixdnted; 
rhaehilla Ix’set with short hairs. 


Seleclirm 667 . — lojliage dark green; lerives broarl; culms average m 
height; .scuni-winter in habk of early growth; Late in maturity; spike 
lax, iKxldirig; grain black, more »)r less glaucous; lemma adhering cbwh 


to carj'Ofjsis, horj<led, hcxxls set on sh<»rt awns; outer glumes very narrow, 
.short, blunt; lateral nerves of lemma .siiHKjth; rhaehilla l)C.set with lonft' 


straight hairs. 

S. F. /. .',1166 (Plate XXXVIII. 26, and fig. 72, C).— Foliage medium 

' . • , t > l‘iX« 

green; culms short; erect in early growtli; early in maturity; .spi'V 

nodding, short; grain short, broad, non|)igmented; lemma frer; from 

0{)sis, awned; awns broad, barla-d; lemma tx-etisionally [Xjssessing ' ‘ ^ 

{(air of lateral nerves; outer glume.s narrow, long, awn-{X>inted , 

nerves barbed; rhaehilla sparingly Ijcset with straight, rather shoi uti 
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Sdti'tion 625 (fig. 72, E). — Foliage dark green; leaves broad; culms 
large, coarse, but medium in length; erect in early growth; .spikes emerging 
from side of sheath of last leaf; late in maturity; spikes broad, nearly 
erect, ten internodes 3. 3-3. 6 cm. in length; angle of inclination of kernel 
with rhacliis, rather large; grain long, narrow, nonpigmented; lemma 
adhering closely to caryopsis, hooded; lemma posvsessing an extra pair 
of lateral nerves; rhachilla beset with long, straight hairs. 

Sek'dioii 626 (Plate XXX\ III, 27, and fig. 72, D). — P'oliage dark green; 
culms medium to long; erect in early growth; late in maturity; spikes 
narrow, lax, nodding; grain black, large; lemma seven-nerved, hooded, 
hoods sessile; lateral nerves barbed; outer glumes awn-pointed, narrow, 
very pubescent ; rhachilla beset with long, straight hairs. 


.Sl'M.MARY 

In the clas.sification pre.sented in this pa|ier, sixty varieties have been 
distinguislieil in the four cultivat(‘d siiecies of barley, .as follows; twenty- 
nine in Ilonhum vuhjnrc, thiu'c in II. intermedinnr, twenty in II. (Ii.dichon; 
and eight in II. (hjicicn.'f. d'he varic'ties in (>ach sixaaes are systematically 
arranged accordingly to stable morphological characters — the same 
characters being used in the sc'parations within each species — and as far 
as imsible according to natural adaiitation. An attemiA has been made 
to avoid placing varieties with similar adaptations but with one or more 
distinct morphological difTerenca'S too far apart in the key. This, how- 
ever. could not be avoidc'd in a few itistances. The variiuii's as described 
are se])aratcd by one or mon' morphological characters wb.iidi have proved 
constant for a ix“riod of five years under Xew York environment and 
"hieh aie probably constant und(r all environmental condiMons. For 
this rcu.son, the key.s to tlu' vari('ti('s should prove elTective in the iilentifi- 
aation ol specimens, at least within narrow limits, in a widi' range of con- 
ditions. Ilowc'ver, the divisions within the varieties as given in the keys 
to subvaiieties are b;us('d on more varialde characters, and therefore can- 
ttot be relied ui)on in a given environment until provi'd. 

limning of varieties, as given in the keys, is not an attempt to stand- 
i*c ilie nomenclature, as this cannot lx.* done by the efforts of one 
t iMilu.il l’h(. choice; of a name for a give'u variety was based on the 
^0 uwiiic lilies in the order given: (1) the frexpient occurrence of a well- 
owii li iiiic; (^2) names indicating geographical origin; ;,3) descriptive 
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names; and (4) names of producers, discoviaers. or introducers. In cass 
in which no name was pven and the s|M'cim(’n was separatc'd on the 
of some stable morpliological character, sc'lection numhei-s weu' cinpkna | 
In conclusion, it shouUl be undci-stood tluit yield luus not Ixm h 
consideration in tlie presumt classilication. Witlioiit doul)t then' aic 
represented, among the synonyms of a g’.vc'n variety or subvariety. vaiii)u> 
.^trains which ditTer matcuiaily iti yield 
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111 (ikIci' tliat the ('colojiical rclatioiisliips of Iho insect fauna of the 
,a:-t 'il plant may he Itetter iindc'rstood, tlie first part of this paper deals 
mill the ('((ilo^y of the cat-tail plant. In llu' second part, the life history 
.Till lii(ili)i;\ of the ins(“ct inhahitants of the i)lant are discussed. This 
piii't (li tlic pa])er has lu'en treated from a .yvstematic i)oint of view, 
fanMili iiiiu till' insects under their resjx'ct ive orders, rather than grouping 
'•inn ai'ciinling to their life h.ahits. In the re-'Ume, composing the third 
imi'i. an attempt has li('en made to hring out the true ecological relation- 
'Inii'. uiduping t!i(‘ injects with reference to the part' of the plant they 
iifiirt, tlieir relative itiiportaiice, and their interrelations 

KCor.of.ir.M, ,sTt nii:,s or tvph.v 

IltK .•'W\Mt> or IIIK tMt'KI) -'i \TEs 

.li'i'on liiiu )(i I);ivis 1 1(11 1 i' there are Id'.t,. sipiare mih's of swamp 
‘"'"t til 'lie I lilted States, excluvive of .Ma'-ka This incltides hogs, 
iiiai'hes, iiiiiek lands, and the more typical suaiipw. The vegetation in 
tlii'c wet laiiils varii's from the semi-lloat ing forms to the wooded plants 
"f 'lie niiih' solid ureas Needham and I.loyd t lHHi) state that the hogs, 
tiiai'iie-, and -wimips "occupy a superficial area larger hy far than that 
lakes atid I'lvers of (-very sort. 'I'liey eo\er in all probably 
a liundred million acres in tin' rmted States." 
veuetation of this wet area coiisi-ts of cat-tail Trypha). 
inai'slies contain an almost pure growth of cat-tail, as, for 
^lonte/uiiwi Marsh at the foot of ('avuga Lake. This 
I (o\cij, ;,|| iij- ;{(•, sipiare miles. .Mt hough it 

^ ini)mvii]|(. I,, jrjvc definite’ figures on the si/.e of the area occupied hy 
* titled State.s, it is safe to say that thi’re are thousands 
y iniles ,|| wet lands which are covered hy either a pure growth 
" "I plant ti.ssociations in which llie cat-tail is the dominant form, 

\i i,n,i 

'Lo'i, j i,.,,' V J hf? author m in<!pht4*<i !«» Jainca Ct Noinlhain for hw helpful 

ihit. o , , , ' 'Irh work 

"‘(<1 /.Uffo/uri. paKc SW. 

m 
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PLATES OF STrOY 

These studies have been made largely from material gathered in the 
sA-amps and marshes aroiin<l Ithaca, New York, especially from Reiuvick 
Marsh, at the head of ('ayuga Lake. Other colleeting places around 
IMunai were Michigan Hollow, Mud Creek iswamp, near Froevillo, the 
.McLean Bogs, \’anishing Brook, north of the Cornell University campus, 
Caseadilia ('reek, and various other places, wherever eat -tails wero 
found growing. ( thservations were made also on the extensive cat-tail 
marshes of Lake Ontario, at North Fairhaven. During tin; season 
of 101(1-1017, studies on cat-tails were mtide also in the vicinity of 
Lawrenet', Kaimas. 

Tlie Renwick .Marsh comprises ;i held of many .acri's, of which a largo 
])roportion is covered with c.at-t.ail. In somi' place's, this plant grows so 
tlnckly that all other vi'getaiioti is exeludeil, .■mil especially is this true 
of the eetitral part of the m.at'h, where the soil is much .wetti'f, .\s one 
approaches the outer tnargiti, other platits mingle with the cat-tails; 
a t,d at t he hot del', w here eoiidit loiis are drier, the eat-t ail growth is sparse 
.Ml the cat-tail palehes ;doiig the Itilel Valley, U|) to the Buttermilk 
F.'.lls region, are referred to :i' the Heiiwiek .Marsh. 

Miehigati Hollow is a ^wainp located about six tuiles from Ithaca, in 
the Inlet \'alle\' <';it-tails grow here only seat t eringly, in sm.’ill hut 
I '.'her deii'c patches, d'liis suaiiij) was visited sevend times to make 
eolleetioti' atid ol i-ervat ion-. 

In the .McLean Bogs, e.ii-t.ul- are not f aitid iti large tiiinihei-, hut 
since the-e bog- u ere vi-ited every .'Saturday throughout the -luiiigand 
summer of Ktld, the author wa- eu.diled to make more .’arefiil and cniiiplcte 
ob-ervat iotis of the eonditioii- and life histories of thi'mseets of the lal-iail 
platits then* found. .Moreover, where cat-tails are not so almiidant, 
a higher [lereentage of infestation usually occurs, which retnleis it much 
e.-ier to obtain material and to make eotn[)arative stildie.s. 

rhe .Mud ( reek .Sw;im|) is an old swatnp extending along -Mud ( n‘b 
I.eir Freeville, Hi-re, also, the eat-lails grow but sparingly, h"! it 
found ea-y atid cfuivenient to m.'ike fref|uenl ob.serviitions titid colleitions 
I f nei'eri'il, 

.Mong N'anishing Brook, north of the (’ijmell I’riiversity cainp'e. i lu 
are a number of .small patches of swamjty ground, on which cat-t “ p ^ 
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niav aluavs he found. On aecouni of its ncarne.ss to the laboratory, 
this ua.'- found to 1)(‘ a eonvi'iiient place' to make sonic of thi- observations. 

Occa'ioiial cat-tail plants arc also found in Hool’s Hack Water and in 
('iiscailiHa Creek, two jilaces wliicb were likewise' chosen foi- study because 
their elo.'C proximity to the laboraten-y maele daily oltservations possible. 

THE SPECIE.S OF TYPHA 

Acenrilinp: to Britton and Hreiwn ilitld) there are about ten speeies 
of Typha in the temperate and tropical re'fiions of the world. In the 
United States there are at least two spe-cies repre'senteal, Typhd hitifnlin 
L (type specie's) and T. anijn^tifoha \. Dueiley ibsSlii lists T. hitifolid 
L.,var. ihnigdtd, n. var., as a variety oceurrinp in New York. Hedeseribes 
it its follous: " Leaves very nuiiierons. dark ^re'e-n, elonjiated i2-3;m.) 
and fniitini: spike elontjated, often U)t) cm." 

Tiiphd Idtifdlid has liroad leaves. The staminati' and pistillate parts 
of the llower sjiike are ceintijiueais. The' stifinias are sjiatulate or 
rhomboid Pollen (irains oe'cur in fours. Pistillate flowers are without 
bract lets. 

Tijphii mtifustiJaUd has narreiwer leave's than Ti/phd Idtifdlid. The 
staminate and lustillate tleiwers of the lieiwer spike are usually sejiarated 
by a short interval. I’he stigmas are linemr or oblong-linear. Pollen 
occurs in sinprle grains. 'I'he jiistillate' fleiwe'rs have bracts. 

lyplia Is known by the feillowinu e-eemmon name's: cat-tail, giTat reeei 
mace, cat-o'-nine-tail, cat-tail Ha^, cat-tad rush, tlax tail, blackamoor, 
blackcap, biillsegg, bulrush, watertore'li, anel I'andlewick. T'he names 
marsh beetle ” anel “ marsh hop; " have alse) been apjilied to the Typha 
plant. 

THE DISTRtlU TIe)N e)K TYPHA 

Cat-tails are common in the temperate anel tropical regions of America, 
^outh .\nierica, Euroiie, anel Asia. Wherever faveirable .soil conelitions 
occur, cai-t.ulu will Ire founel grerwing; even a spring on the hillside err 
e outlet of a drain pipe will sometimes supixrrt a few erf the plants. 
75%*^ - " f'f thi'in grow in the Roe-ky Mountains, at an altitude of 
0 S.)iNi 'f'l/pha Uilifolin, the* e'ermmoncst of all the species, occurs 

grow^*' '* ^ States in any favoralrle loeatiern. Typhd hlifolid 

^ ' undtmtly throughout North America, except in the extreme 
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North. Tijphu (in(juMifoli(i ^rows :it)urul;intly in the marshc.s aloiicr iIk 
A tlantic Coa.'^t from Nova Scotia to Floriila, as well a.s inland and pveii 
in California. 

CROWTIl ttABIT AN’D REPHODl'CTION 


Cat-tails are marsh or atinalic [tlants, with creopiiiK rootstocks, fibrom 
roots, and glahrous, erect sttmis. They are perennial plants, tlie motstork' 
remaining alive while the stem dies down to tin' ground ('very yivir 
The following spring these rootstocks, or rhizonu's, send up the new plant- 
Plants which attain only partial irrowth during the sca.soii keej) the center 
alive that winter and prohahly ri'ach maturity tlu' following suinnu'i' Thn 
rhizomes spreail in every direction and within a few years a largi' croup 
of cat-tails results from the' olTscts of a single plant. It is n'tilly very 
difficult to (letine the limits of a single pl.-uit, since they are .'o linked 
together liv the-c underground rhizoine.s (Plate XLV, 06 1. .V two-year^ 
growth of a plant, with the connecting rhi/oine and the offset wliich «ill 
form the next sea.son's .-talk, is -hown in Plati' .\P, lt<. 

■A.side from the vegetative mo<ie of increase, I'vpha iirodiices a emt 
number of seeds each year. 'I'hcsc' seeds are provided with pappii-, 
which carries them far abro.-i'l and iii'iires seeding in all possilde 'ituntinii- 
In The Book I )f Stuih/ Farmer. I!t 02 lOi, t he following slatcinciit 

occurs: ” When they [the fruit'l become detaclu'd from tin' spike, flir 
hairs borne by the si.-dk of e.ieh fruit act a.s wings to disper-e thcseel 
the hairs fluff out into <lownv nia"e^. --o that the whole spik(' look - idoi' 
a hundred times as l.irge. for a --ingle head will contain ;i (piarfcr c* 11 
million of the>e flying seed-, accoriiing to Proff'.s.sor Lloyd Prieitei ■ 


estimate ” 

In order to determine somewhat, accur.'itelv t he number of seed- pi'n 


Incr! 


by one head of Tijjiha hilifiihn, the nutiiber of .seeiis in four diy. mi''!" 
heads was deterinined. For this work an analytical baltmce was i nipl",'" 


I’he [troeeihire was ;is follows: Fir-t. each he;id was weighed enme. 


a small blllicli of the .seeds was detached and weighed, aftei 


number of seeds in this bunch wa.s counted; fintdly, .all the " ' 
removed ami the rachis alone was weighed. From the figun's -o o 
the nurnlK.'r of seeds in each (jf the heads was ciimpufetl ttable 1 
numl>er of .seeds in the average Typha heard wa.s found to api" 


.,i- weir 
biaiii‘’'l' 
and lb' 

■DUniitb' 


2.a0,000. 
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table 1. CoMPCTATKIV OK TIIF 

: A\kra<ie Xumber ok Seeds in Each 

Typha Head 


.Sample 

1 

Sainfilc 

•> 

.Sample 

3 

.Sample 

4 

Length of head tiiLillmictcrsl 

Weight of entire head (KTains) , 
Weight of rachis ('grams) .... 
Weight of seeds niinua rachia 
(grams) .... ■ • ■ ■ 

Weight of detached bunch of seed.s 

(gram-st 

Xumber of .seeds in detached bunch 
Estimated total number of seed.s 
in head 

IW 

35 (;7.3.') 
2 .S3;{0 

32 810.-) 

0 0170 
1».7 

htoe>,303 

ISO 

.30 .■■)(h32 
1 9180 

28.01.52 

0 0490 
480 

2S0,.320 

l.SO 

35 2700 
2 1010 

63.1090 

0 0400 
300 

248,317 

too 

27,11.50 

1,0.8.50 

25 4300 

0 0400 
295 

187,. 546 

Average number for the four 

2.5.>.('.ll 





(iEUMINATlON OF TYPHA LATIFOLIA 

The manner of nerniination of Ti/pha l(ttifoUn is very unusual. The 
(lovelnpmont of tin' plant from the .sir<l was observed in the laboratory. 
The seeds wen* jilaeed in wateli filass«'s and ccjiild thus lie studied under 
the l)iiioeular inicroscoix' from day to day. Soini' of the watch Rlas-ses 
contained only water in which the seeds fii'rininated, while in others a 
little soil was [tlacaal in tin' bottom in order to obs('rv(' the growth of th' 
roots. The watch glasses w('n' kept covered to jirevent evaiwration 
The se('(ls, wlnm first thrown upon the surface of tin' water, remained 
floating. Soon, however, tlu' [K-ricarp broke open and the little .seeds 
sank to the bol toni. 

The sc(m|s are much elongated, pointed at om' end and at the other 
closed by a cone-shap('d trapdoor, or ctip (Plate XXXIX, 6). The getieral 
appearance of the .seed is not much unlike some of the insi ct eggs which 
are closed .-p one end with a c,apsule-lik<* cover. Ten s(‘eds of T. hitifolia, 
cho.seii at random from two heads, were removed from the pericarp and 
th(‘ length and diameter of each was carefully measured tt;d>le 2). Ihe 
average length of the .seed was found to be l.Tlb millimeters, and the 
average greatest diameter, (1.607 millimeter. The surface of the seed is 
soilpiureil with small, branching ritlges, starting tit the end of the cap and 
hr, inching ,as they run down to Ihe otlier end. The entire seed, including 
|oth Us periciup and its pappus, is alKuit 10 to 12 millimeters long. 

*' l>'>)>pns consists of from l.’» to 20 white hiurs, attached to the btise 
and loucr of the stalk (Plate XXXIX, 1 ami 2). 
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TABLE 2. Measi-rements of the Seeps ok Typii\ eatifoua 


Spociluen 

‘ 

I.pnjfth 
t iiiiiliineter.'') 

' Hiiilitiiotcrsi 

1 

1 .to 

(1 


1 21 

n J.") 

a 

1 12 

0 Js 

4 

1 

0 

5 .... 

1 42 

0 '17 

t) . 

1 o.> 

0 *s 

i 

1 42 

0 .)■: 

S ... 

1 12 

(1 :!7 

(1 

I I.T 

1) .N 

10 

1 1.") 

n :;o 

-V\era>^e. . 

I :m 

(t ;;(i7 


When germination l)egins, the cotyledon Icngtliens and pii'hc' out 
through the traf) d<K)r. Soinetiines the caj) is carrit'd away on the up 
of the develo[)ing embryo, but more often it nanains attaclu'd a- if by a 
hinge to the s/aMl. The embryo, imnu'diately after emerging from tlie 
see!, turns downward toward the lM)ttom of the di-li. (Irowtli i' very 
rapid. Hardly has the embryo come out of the s('ed before the epiileiiiial 
cells near the tip l>egin to simd out shmder root-hairs, which help to 
fi.x the j)lant tothe bottonisoil. Theotherend of the i-mbryo, or cot \ leilmi, 
remains in the .^eed, ab.sorbing the re.s<*rve starchy material, the onh’ toml 

of the young, develofhng embrj'o (Plate XXXIX, d). When b",'" 

ha.s iH'come al)<)Ut twic<? or three times the length of the s<‘ed, the ^louii.'I 
tip pu.shes out the first rejot (Plate XXXIX, H). Thi' root abo in oi' a 
numlxjr of the rfxjt-hairs. With the exi-eption of the trues at ib" lip' 
of the rwts, the.se rtKrt-hairs di.sintegrate as the plant furtla r il' olop' 
At alxait the .same time that the first root appears, the fonnalion "i tin' 
.second leaf may lx; seen at the crown of the ytrung plant (the oui p i-linal 
embryo or cotyledon is consideretl the first leaf). This second I I '"oii 
penetrates the epiilennal cells of the first leaf, and comes out t ti'"" 
and function as a tnie leaf (Plate XXXIX, 9). After all the food n ) 
in the s«-ed ha-s Ix-eri ab.srrrlxxi, the tip of the first leaf either ili.^ine vmK 
and is thus lfxr.s«-rusl from the s<hs 1, or the tip of the leaf is wrib'l' "'’’ 
from the see<i (Plate XXXIX, 10). The stjccessive stages of the Lu-"t 
of the plant are shown in Plate XXXI X, 4-10. 
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Xoi t \(‘ry seed in the head of Typha latifolia is perfectly formed or 
fertile A luiiiihc'r of them never become fully mature, and therefore 
(ould not possibly germinate. It is an easy matter to distinguish the 
firtiK' Mcds in a mature liead from the sterile ones. The mature fertile 
he in a closely fitting pericarp, while the sterile ones are inclosed 
in :i pi licttrp which is developed to more than twice the natural size and 
which liMs a “ hollow ” interior with the kernel undeveloped (Plate 
XXXIX, 1). 

In iinlcr to determine the approximate percentage of fertility in the 
si'i'il'; of Typha latifalin, a nund)er of seeds w(‘re picked ofT at random 
from o'l ral heads and bj- a careful examination the number of fertile 
am! 'tiTilc sc'cds was detertnined. The re.sults of these counts are shown 
ill tahlr when- it apix-ars that al)out Ta i>er cent of the Needs on the 
mature heads arc fertile. The heads from which these counts were made 
were piekeil at random and should represent about average conditions. 
Tlio third head had nearly half of the seeds sterile; the fourth, however, 
had a limli percentage of fertile seeds. 


TAIil.i: :i. Df.tkrmination or the Api-roximate Percentage of Fertilitt or 

Typha Seeds 


Head 

1 Xuiiiber 
of seeds 
counted 

Nil III tier ! 

of soeiis 
fertile ^ 

Xumlier 
of ,<ec<l.s 
sterile 

^ Per 

cent 
fertile 

1 

1 

.'too 

2:w 

i 

1 

77 7 

r . . . . 1 

->00 ’ 

I'Si 

41 

7s 0 



•->.a0 

110 

110 

,V'« 0 


2.W 

211 

SO 

■SI 1 

’iiit.i' 

1.000 

rto 

2ti0 


piT iviil fertile 



1 

74 


I'*'"'- ’^"•^ ascertained the approximate jx'rcenf age of fertility in the 
' I’cruiicMts were conducted tt) determine the irercentage of 
'll" fertile seeds. The swals were placiai in coverwl watcli 
(, I ' ’hough kejtt in the light, were protecteti from direct sunlight, 

place I ' ‘'‘’"'"'t^ticed within a few days after the .secxls had Imh'u 
1 1 the water. Careful counts were made of the number of seeds 
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that germinated in each of the watch glasses. The results are shown 
in table 4. These figures would indicate that not more than two-thirds 
of the fertile seeds germinate under experimental conditions. Calculating, 
then, from the percentage of fertility and the j)ercentage of germination, 
as given in tables .3 and 4, a head containing ‘2.)0,000 seeds might actually 
give rise to 12.5,000 new plants — a .50-per-ccnt efficiency in reproduction 


T.\BLE 4. Dkterui .NATION OF THE PeRi ENT KiE OF Ci ERM IN ATIO.N OF FERTILE .SeED^ 


Ho&d 

j XiinO’MT 

nf 

i 

1 

XiirnlKT 

of 

gpTrni- 

natc^i 

N’umltcr 
of seeds 
sterile 

Percent - 
age of 
Rermi- 
natioa 

1 

-'0 

i: 

.S 

I’ll) 0 

•) 


;u 

16 

IN ft 

.3 

Is 

u 

6 

lUi 1) 

4 

7.3 

37 

.36 

■V t) 

Total 

.\vcraKe per cent germinatesl 

Idl 

'K') 

IT) 

I'lO 


TVl'lIA .’.s \ roM.MKUri.M. ,\SSET 

The va.sf areas of cat-tail have a.> yet been little utilized. The plant 
i.-j rich in starch and other fooil valuer and grows m situations now rcganlc! 
as waste lands. It wouhl yiehl great (|uaniities of supplies, if only .; 
ilefinite u.se for it could be found. 'I'he Indians and a few other raiis 
have u.sed cat-tail [iroducts for various purjioses. Hooker (187t)J say>. 

The starchy rhizome of Typtia pos.«ws,H<..s .sliglitly .a-striiiKoet arnl iliurctic propi rtic'. "hah 
le<l to its use in Fast .\.sia for Itie < urc of il> sentary, urctliritis, and aphthae. I In- .so nc 
and leaves are ii.sssf for thatetiing eottanes. it li.as Isen \ainly trifsl to utilize tli'- 
of the .spike m ttie manufacture of a sort of veUet. (The pollen of Typha is made into brea 
by the natives of .Scind and New Zealand.) 

Kngler and I’rantI flHb'b Nay: “'I’he rhizome, rich in starch, nat' 
serve as fr>o<l material; the leaves of several sfK'cies are u.siul for uc.i\i"i- 
The [lolleii, which i.s easily recognizetl by fht* occasional tetrads, scivc.s . 
times as surrogate for lycopotliuni jKtwder.”* 


^ TrarwUtion from th« onginat O^srmao 
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Parker 1 1!)10) speaking of the plants used for food by the Indians, 
" 1 he roots of the cat-tail were often used. Dried and pulverized 
the roots made a sweet white flour useful for breael or pudding. Brui.serl 
and boiled fresh, syrupy gluten was obtained in which corn meal pudding 

was mixed ” 

Muskrats :in' very fond of the rhizomes of the eat-t;iil, anil in the cat-tail 
swamps the muskrats are accordingly found in large numbers. The 
leaves of the cat-tail are used to some extent in the manufacture of 
barrels ( )ii account of their spongy structure, the dritnl leaves, placed 
brtween the staves, exp.and gre.atly when moistened, thus making the 
barn'K water-tight. TIh‘ le;iv(“s are also useil for chair bottoms. 
Dudley, ISSdl, 

The riili -taiadi content of the plant is (“spc'ci.ally concentrated in the 
rlii/'oiiie', where tlie cells of th<‘ rhizome con' (Plate .XIA', ,ajid 60) arc 
I'limpleiely filled with small starch granules. This is true of the rhizomes 
ill their dormant or wiiitt'r conditions (Plate XL, IHt. If. however, 
u’le pxmniiK's (he c(dls later in the s(';i.son. after the iilant has attained a 
cniwth of 'f'\'('ral h'ct. the cells are fouinl to Ix' only jiartially tilled with 
'I'lreh granuh'', mmdi <<f the starch having U'cn usi'd up in the rapid 
earlv LU'nwth of the plant (Plate' .XL. 1.') . This f.act, .showing that 
dry have a mui h gn'.ater conce'iitration of starch during the dormant 
season than during th(' growing si'a.son, h.as a din'ct bearing upon the 
p is'ilile ini.v Ilf th(' rhizomes, and ;uiy atteiiijits made for 'ht' utilization 
"1 tb" Stan h should be' nmde on the dormant rhi/omi's. The jxissibility 
"f utiliziiiu the 1 v])ha ])l.an( .as a source' e>f feietel has be'e'ii eliscusscel by the 
“'idioriii another pape'f (( 'laa.s.se'n, IttP.tj. 


TIIK INSIX'T l At N.\ OF TVI’IIA 


!<• niM'cts which are' feninel etn e-at-tail have' imt hitherto been studied 
i\b)st eif the'in have* be'e'ii ree-eenle'el as inhabiting cat-tail, but 

'lib has be'e'ii publislu'el ein Ihe'ir ele'taile'el life historie's and ecological 

'"I'Tn laliuii.. 


Tl„. 

b'nind 
I'lcludi 
live of 


I" lowing elise'ussieiii iucluele's emly Iheise' inse'e'ts wliie'h have been 
il-lail ami stuilii>el eluring the' e'emrsi' eif this invi'stigation. It 
'S' spci ics ,if D'pidoptrra. twe> eif ( 'eiie'eipte'ia, eight of Hemiptera, 
1"' ‘sitm Ilyme'iieiptera, anel femr of Diptera. 
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lepidoptera’ , 

Arzama obliqm Walk. 

Arzama obliqua Walk., a moth of the family Noctuidae, lias been 
known in the adult stage for more than half a century. The species occurs 
throughout eastern United States ami Canada, its host plant being Typka 
hitifolid. In Xew York, near Ithaca, the writer ha.s taken specimens 
from the following places: Michigan Hollow, Renwick Marsh, Bool’s 
Back Water, McLean Bogs, Cascadilla C'reck, and Ilingwood Hollow. 

Life hiMory ami hnhit.-i 

The life history of this insect is unusual and interesting from an ecological 
point of view. 'I’liere is oidy one gem'ration a year. The full-grown 
larva passes the winter in its l)iirn)w in the plant. 

Kqq-laqimj . — The eggs are laid on tin* surface of one of tin* first-formed 
leaves of T. latifolia, from six to fiftetui inches below the lip. This later 
becomes one of the outer letu'cs of the plant. The eggs are placed on 
the leaf sec'eral layers dee[». The lower layer eovt'rs the hirgest area and 
contains from twenty-five to forty eggs, while the up|X'r Itivers cover onl.v 
the central part of this bottom layer, forming a gnidually sloping mass 
;ind cont.aining from ten to twenty eggs in the two or more upper laver.-. 
'I’he total numlx'r of eggs in one egg mass varies from thirty-five to sixty. 
The whole f“gg mass is covered with a thick layer eompo.u'd of a mixture 
of froth, hairs, and siales from the body of the female. The egg mass 
greatly re.sranbles a rna.s.s of spider’s I'ggs (Plates .KLI, 2f and du 
and iXL\T, tioy It is of a dirty, yellowish-white color, b measures 
from twelve to fifteen millimeters in length, from s<’ven to ten millimcto^ 
in width, and from three to four millimeterii in height at the center, hi 
shafje it is oblong ami convex, the eilges gradually thinning mit and 
adhering clo.“ely to the surface of the leaf, d'he long a.xis of the i gg mass 
eorresjKinds to the long axis of the leaf. 

One female apparently lays .several egg ma.s.ses. In di.s.s<;cting out th® 
ovary of one fem.ale, 22.'> egg.s were- found, all fully forminl and dcvclopt , 
ami since only thirtj'-five to sixty eggs occur in a .single ina-ss, thi' indicates 
that one female may dejxwit aUjiit half a dozen egg inaascs. 

* Th^ L«pidopter% mcatioiwi »n tbw ti*vc all Ijtcn dctcrmioed by Pr. W . T. .XI i yiUcs- 
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Usually only one egR mass occurs on the same leaf, but sometimes two, 
;,n(l in one instance three, masses were found on a single leaf. It is not 
uiu'oiniiion to find two or three leaves of the same plant with an egg mass 

on each of them. 

In the spring of 1918, careful observations were made for the appearance 
of the adults or the egg ma.s-ses on the plants. In the laboratory, where 
moths had be('n bred, they failed to mate or to deposit eggs in the char- 
acteristic manner. X few females did lav infertile eggs on the stems and 
leave- of Typha. Egg masses were first noticcHl in the field on May 26. 
After this date new egg mas.ses were con.stantly found until .June 8. The 
height of egg-laying was between May 26 and June 2. At the McLean 
Bol's the (>gg mas.ses appeared about six days later than those at the 
places around Itliaca. 

Thi' hirnt . — On turning the egg ma.ss oviuy after the larvae have 
hatched, the (Uiipty egg shells an' discl().s«'d. The hati'hing process does 
not (li-tuili the <'gg mass in th(' least Without dt'vouring the egg shell, 
the einht'vo breaks through it atid bores directly into the lettfof the cat-tail, 
whc'i'e It works tts ;i leaf tniner. This m:inner of hatching seems to be 
an e\c('llcni prott'ctivt' adaptation agtiinst t'gg panisites and other enemies. 
Ihe Ilia- IS practically ittiiK'rvious to water. 'I'hus from the time the 
egg IS laid to t lie t ime wheti the Itirva Ii.-itches atid enters the leaf to become 
a leaf miner, it is not once exiiosi'd to the direct dangers of enemies or of 
weather conditions. 


Once th(' larvae enter the leaf, they iM'gin their work as typical leaf 
nnneis 1 Ik- structure of the leaf of the cat-tail plant is rather ix'culiar. 
llie hbi i)-vasi ular bundles are found mainly in longitudinal, I-like 
piriitiiiii- lliiH produces a Iimisc inner .structure with m.'iiy large air 
cpaio Pluic 11). 'I'lic longitudinal partitions are again traversed 
Ju tian-\ ci'.sc ])artitions which al.so tire composed of jiarenchymti. A 
"f l\[)|ia with the eiiidermis removeii to show this inner structure 
‘Tpc.ii- ill Plate XLV, .■>8. When tlie larvae htive entered the leaf, they 
"gill to iiiiiic^ mostly downward, .si'rapmg oil the chlorophyll from the 
'Tpi 1 and lower epidermis of the leaf. They eat out thi' transverse par- 
' 'ving the longitudinal partitions tind the' libro- vascular bundles 
" d excc|)t when oectisiomil Itirvtm cut through to get in other 
A few of the larvae may first mine upward toward the tip of 
soon they all proceed downward, moving abi-e&st along the 


filioii> 
UIkIm I 
chain 
the lea; 


d. 
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chaiiiiol^. A-^ many as larvat' liavo Ix'on found tosothor in f),|p 

fhaniH'l. It is protvilily dun to sucli a crowdnd condition that a larva 
occa'ioiialh' laos^i's oaa'r into another cliannnl. 

After the laiA'ae liavo mitu-d down for a di'tanco of twenty to tweutv- 
four inrho', !he\- molt in the mine- and immi'diati'ly afterward leave the 
mi;ii'' thr.inah a little exit ho|i> whieh U'lially madt' on thi' inner ,'i(le 
of the le- f. -i..,n O' till' 1 ir\.te appear on the 'Urfaei' of the leaf thw 

at o’li e 'e'-k 'Itel'er, u-uallN' I'otit imiiiia: down the 'l('m of the itlaiit and 
er I \'. 1 1! , n kid 1 1 'a 1 t lie .eat h ot i >ne ot I he ( ml ef lea\'('s. 

.■'Iln ■ t'le lai'.ae later kcMainie true 'tern liorers, the (|Ue'li(in ari'O' 
why ' ke'.- 'li'.i'd inlne ollt ot the mine' ot the leal tell or lifleen llii'lies 
a wa.'.' 1 1 o;:i : h" ' e;,, iu't i ;id ot remaining, in the mine' and wot kinu ilnwn 
til.' h it nn’!! tie', 1 1 a' h the 'ie;n .•ind e.m enter it direetK" riieii' ,ire 
two pi. . It - , lie 1 1 . . -1 .Ji' ,m on 't 't;eh keli.i \ lor ; ii I 'I . the la iwae hat el i i|., nine 

'olit ■ IW koiei' "el at'er e.inniiLT out o| the leal they 'epai'ale alnl Hull- 

'vnluall'v' en'.r th.‘ '’ini' of diti'eient pl.oit'; si.nimd, the wnlih ef the 
held I t t 1,1 'leiiiid-in- .O' l.‘r'..l e'^ei eds the wellll ol the aN'ereiie Inlim- 

t ’ li !l lie ' ' ll I ' el' II; the e ; I - ■ III !|.,. 1 ( O'l-l ul n lea 'll rein ell t S ol i he iniillol 

!l' .d' of ihi- 111''' -n-'t O' I'll".' I" .'Old inea'lirenient ' of the width ef the 
tr.'. I j ‘ I h I n t.el ot t 111 . h . . t 'I lo'v. 1 1 1 1 1 1. 1 1 I he w id I h ot t he 1 lead d 1 1; I 'in I hi' 
In '■ in-' r .' o;i!'.' -hnhl!'. h" ihoi the width ol the eh.iniiel Ihr 

Wid ii ol the hi ■!' o| the -ei Ot.d ili-t'O' Wl' eoli'ldel'a 1 il S' Wider lll.i.'i t llC 

Widt h ot I h ■ ‘ h' 0|! e' - I )1 ' he !e 1 I . I' olloWlIie . ll'e I lie a . I I'a tie | Ilea 'I I I'el in lit ' t 


'All h of 1 ;' id of 111 't -in-t O' Ill's a () iiiilhnieii 1' 

W 1 ' i' !i I I h' el of 'I 1 1 ,nd-iii-t ir l.ii'va. . . I) till nnllini' tei' 

W id: il ot eh.Oinei in le if . D.h'Jtod 71! miliim' ' f 


It ',S0i|!i| iheielilie lie inipo--l!i!e Ini' the h'llS'.'ie to I'eniain 111 tin' h 'I ih'' 
the lii'i tnoh ii;.!i .' liii-v Wldeiieil the leaf liS' lakiri" out the luiwi' 'I'lttt.'^ 
horoli- p ii'i n 


M'ho.l'ah the i'lV.ie 11!' ini |ti Is' lx <'onie 'olllars' 'lelil lioiel'-. hnS ' 1 " 
noi ll”. IS- -I ..lei' imnii driti !s' allei enieinenee fioni ihe im''' 

1 )OI e 1 1 1 1 1 1 J , n . . o the - . I III ol I he p!a n I In one 1 1 1 ■ I a nee, on .1 n lie 1 
It .s," loiii.d 'hat I ssilole ioniin”eiit ol l.ii's.ie had nnmal'''l ' '' 
o| til'- ploi', svheie IIm'S loUlid 'heller liehilld the le.iVes the 
'he.ithiriy the lloss'cr -pike. Here thes' ssere fia-dlllH on the 
flosvei'. A fesv d.'iy.s later they had all de.-scended tuid sctillcn'd I" 'li'k*^’” 
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|iluit'' 1 ' tll.Tt such a iMi}i;rat ioM 1 o ilu' flower spiko was 

.„.ci(len!:il , 1)11 the other hand, it may have lu'en hee.aiiM' tlie plant had 
,, ,.pntnil -talkwith a lloweriiiKsiiikethat tlie larv:u> could not or would not 
Piiimt, lei' ih(' writer has nevi'r found that iliey hon'd into a plant which 
hail a llewei' 'talk, nor Ini' he ever found a jilaiit in which thi- stem borers 
orciiiTcil piediicinii a llower stalk. 

The laiN.ie I'ntcr the 'talk from Ix'hind the 'heath after the\' leave the 
Irif, ami iliei'e they feed for 'ome time Only (Uiee were two larvae found 
111 the 'Mill'' hut row 1 hey normally iK'i-onie '(ihtar\’ hoiei'. tunnelinjj; 
thrmieh liie renter ol till' 'tern, yoina; dnwnward to the ciown. and some- 
111111" even ailyaiii'ine: tor a 'hurt di'tanec' intn t he riii/i'tue TTii' tunnelin;^ 
eaii'i'' ilir reiiiral leavi'' of the pl'int to (he, and e(in'e(|uent i\' no llower 
'{like 1 ' ti a I i le' I 1 he altei ted I )la nt ' are ea'ily 1 eei ivni /.ei 1 1 1\' the presence 
ef lllr ih el reiil 1 al li'aX'e'. 


The laiMie "row ra|)tdlv and h\- late fidi h.ive attained a leneith of 
lirarh’ t\',n iiirlie-. They lea\ e the huriow full of the alid the 'hreds 

of the tli a eit' I l"Ue tmtl leii'e ly thelf p:,"aue 111 the fall, before the 
kil'Vae re ail e 1 1 i I le I'lia ' l( it I , they (at out an 1 \ll hole in I lie 'lent, four to 
'1\ nielli" ahie.e the lit'Ottlid. wlltih tli(V loO'cK plua Up With ft'ass and 
iiiiteiial I hey theti tnaki' a little i oiiipai t nietit , or ei'll, liy 
le liUl't'nw above and bi'low with a tn.i — of fi.i's atid tibrous 
'i' 'how n in Plate .\1.I. '27 aid ps. a’.d thU' pa'S tlie 
I’ '’’i'' \i'il' the mai'iic' in winiii aiel opci ' the plant', the 
loiind in the biiiiow. (oinpleie|\ 'Uiioiinded iw ii e l.an'ai' 
laboi'atoiy diiiine; .‘"epi ciiil ler and (lilober and plan'd in 
' bo\ce on nioi'i, 'leiih/ed sand. pu]>aii'd in I'ebruarN' and 

bhilt' emerged lioiii sixteen to iwenl\' d,i\ ' later. Larvae 

, laborat oi V in the 'pi ina pup.ite.l mueh later, as is shown 

'T till lie 


'ti'me, 

'Ulf'h I 

Uel" 

ti'iimij 

)I 


'* "'I'.'ilory, (la\.s hrlun* llic larva ii nis to thv piij'jai 

-11)^ tn >pin a tlnn. n rrmilar la\ri nt' iiiu' tiirv.-n! all n\'('r tin' 
111 the ^alvt‘ 1 h»\ In tin' fn'id, nun liiui^ Innx' 

die biiriows in the 'talk' The la,i\.i then becomes \ery 
"d eiadiially shortens until it seeiii' onl\' about half of its normal 
I in 'hin\, almost black. lar\al 'kin become' much lighter in 
'o a siji;n that jiupation will onur within twenty-four to 
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thirty-six hours, Wfion tho larva is ready lo pupate, the laival 
splits along the epieraiual Milure and the skin breaks open on (Ik^ mciun 
dorsal line, along the first two thoraeie segments, extending aUd about 
three-fourths of the way across the third thoracic segment. CraihnllY 
the skin slips off backward until the newly formed ])ui)a is i'kv fjjg 
pupa is at first entirely white except the cremaster, which is dark brown 


TABI.E 5. Length of Pcp.kl Period of ARZ.tMA obliqc.c 



ihiif 

Sporinun 

pupil! ion 

Date 

ni 

trnergf'nor 

1 

I.i-iisth 
ef pupal 
itaee 
'ila}« 

1 

Kct'riuirv Jl 

March 1 1 Fcrnait' 

is 

•> 


March 1 

March SJ , M.J,. 

H 

:! 


March 10 

Marcli '.!! Pcriial.' 

10 

4 


Nfarch -21 

April 7 Male 

i; 

0 


•March 1.'.) 

April 11 Female 

17 

n 


.\Iarrh 

April IJ Female 

IS 

7 


Marfh -•') 

.April 11 Femal)' 

17 



March Jii 

.April I'J Female 

17 

0 


March Its 

.April 1 I Fcmal) 

17 

10 


March L"! 

April If .Mill 

Hi 


Avpra^jp length of pupal stagr 



17 11 


TABf.K 0. MEA'iREVEvrs oe 

Pi ro, 1)1 

•Alt' \\i \ oiii or 1 ' 




•Mai. 



.Spwinicn 






Ui.lth 


W Iillli 


f iiiilhifK'ti rs- 

f luilIirnfftT'ii f rtiillirnftfr" " 


1 

:u 0 

7 0 

■J» 0 

7 0 

•f 

. Ti 0 

H 5 

Li-S 

tl •) 


• il 

0 5 

. L'-S !• 

ft .) 

1 

;«) r, 

7 




:u 

fi H 



1, 


•S 0 



i 

!.! 0 

7 0 




Avt-riiKc S.» 

7 

L'S 

It 7 


— 





* rh« m*****ir#»m»*nt^ r»f pupA#* of w**r»’ tAk^n fr>llowj| from 

Uj the tip the rrexoiMter. width, the jtre«t«Bt UteraJ width of the pupm. 
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'll,,, (iivi , .ilor (if tlu' Ixxly aiipoars on tho dorsal surface of the mcso- and 
ni('t:iiliiir i'- .iiid on the first and second abdominal segments. After 
II I! minutes mon- the entire, abdomen b<>frins to assume a reddi.sh 
,.,i|oi, the ilioiaN, head, and winus still remainiuf; nearly white, however 
'flip pubiiiion of tlu' dorsal vi's.sel is vmy noticeable at this time. At 
the (11(1 ul mini her twelve minutes the color is darkest on the .sixth, seventh, 
anil ciiiliili .ilidominal .s(>>rments, beinn mor<‘ pronounced on the dors.al 
surfaci'. I'wclvi' minutes latiT the head begins to show color. In another 
half lidiii ihc entire pupa, ('xcept tin* wings, has become a reddi.sh brown 
inniliii The wings, which remain white the longest, now begin to show 
a little ( I'lor l.at(‘r the pupa turns very dark brown, almost black. 


Ui.srrijihni' ni t/u s 

1 ^l< ft/t/ 


LiKlit o llnui-h in .(.Itir, niuiid, thmiKli somewhat flattened, with the mieropyle on the 
apposilianuiK freni the airfare „f i|„.|,.af ( l>|;,ie .\ I.I, 21 1 . I to 1 .2 mm. in diameter and 
((.''Iiiiii III li.iL'Iil Si.ulpiiir,,,.^ .,.rv fine Ixit (imle (diaraeteri.stie. mieropyle represented by 
asiuHil. t s irruiiiidi'd l.\ a j-o-ette ..f about tweKe (donitate rolls. This surroundi'd in turn 

In tiineii., r r:Ila^ of more or less el iimat Us, a reticulation followmit, with cells more or 

less rf.iiil.r-' lie\;ce,,i.j aiid, ti'ialfe, fh(‘ out ude lells slightly (dongatiHl tr.ansver.sel\ . 
I.iitire nUMil'Ce area .iroim.l the mieropyle eoveriiiK aUmt two-third.s of the upper surf-ace 

° I*" ' ' 'S' seulptunsi with a mimlM-r of .small tubercles, some occurring 

Hi iiifs.sii ,;s Id 'viimr,.st circuinffrcnt ial liaiuln of tulxToIfS. 


'ill' h, /. Op) 

li . I , I ,Mi , Hull I, n min arro.ss the head. Head light brown, Labrum and eye.s 
, 1^1 ' I'd < oh r Hliiie, with a rmshan purplish stripe. .Spirarle.s on the eighth alxlom- 

^ j." ' ” brge ami dorsally loeatid, a.' m the full-grown Larva. .After larva has 

'll- "T f, H da\ s, general color yellowish green. 


Till I'.ii;.,. 
I-i'ni-'lli ',11 
'IT) dark !„ 
'tuni-li 1. il.,,, 
'"''I'liei liiH ,,! 
pbsterp fl 

«)i i!„ 


Iona (Plates XLJ, 22 , and XLVI, til)) 

'’d mm., width I'l to 7 mm. Cicneral color shiny muddy black. Head 
Lower half of eli[x'U» light yellow. Hasal kiiolis of antennae light 
l .ibnmi light gray. I horaeie shield the s.ame color as the head. \ light 
^ - till 1( iigth of the prothorax. Individual wgmenta of the IkhIv' darker 
niMiiari Iinr aloiiK the donal nurface of the entire larva. Ventral 
U'.i much lighter, Iwing whiti.sh gray in color. 


Til,' I 

Ih,, , 'Ppciiis vtTv nnicli like a typical noctuid larva o.xoopl for 

^llila|.|,,, ! ^ ''P*''‘iclcs of tlu* ('ighth tdHiominal segment. The 

' "'^dT .segm(.||(.g of til,. Inidy occur in the n.alural pljtee. 



478 


P. \V. Claasskv 


Init the s[iir:icl("; of (Ik- (■iuilitli .'("Jimciil have- ini.iiratc'il from ili,. 
inai'ijin to a po'-iMoii on tlu^ [)ost<'t‘i(>r iiiar^iTi ot t fu' (loiv,|j 
a' shown in I’lafo Xl.l. ;!il, 'riio ninth al>iloniinal s(.ir|||,,|,| 
((iKaitly is much stnallor. hcin.sj only ahoiit half as thick dois, 
as the other M-iimcnt-. 'riii' licttcr ailapis the larva to live in ii. |,]|||.|,^^ 
in a plant wheie an ewes-^ of nmi-'t iiia' occurs. It is not at all iiiini|iii||i||] 
to find a. lar\’a entirclv 'iihni<‘rccil in the water with tlie iwi cniinn j 
these larsie spiracli's. whieh protrude above thi' siirfaia' ot ilie 
I'ht'se tuo spiracles arc more than twice a' larce as t lu' other .ildeiiiiiul 


spirai'les. 

d'he arranucmciu ot the it.ichcal sysuan m the lar\a is shiiwn 
:ti. It I'liesisi, ,,f two m.iin lonttit iidina! tul)es. uhnli e 
from the sjiii.'icle- of the eighth abdomin.-d scfruieiit and e\ni!i 
forwari I a' t h< lit - t t lioi acic s..._.|,,|.nl . v. heie l he_\' are united bv :i: 
trunk IVom this imtisvi r-e trunk arise the tracheal tiibrs i,i t| 
Paired spii'aelcs .are pic»i m on the mcso- and mi'tathora\ and c, 
eiirhf abdomiti.-d s,.._r,|,,.,a . \|| of these spiiaclcs are funcne' ,,| 

those of the mi I .ti hoi i\'. » Inch .10- much reduced and seem alnn I't \ 
I'iach of the spiiadis, ept ihos,. (lu the eidhlh abdoinllii' -- 

are (omicited ’.\ilh 'he main ti.mhe.d iriink ot the bod\ b\ s* 1 , 

the tubes on t!a- loe’ilhoiac! 'j'lueiil beiiie icdueeii to imic 

Most of t!,i- tl.ichcd taalehc of I lie bods t.ake their oli'.n.'i 1 ' 
loriiiitudin.ai tiuiik, n* ar it' junction' \uth ihc spiracles 1 : 
thoracic si,,r ai h o.nlv small, bianchuai lubes oiimmatc l ioia 
id.domm.d -ini.ai'c a l.oee li.achcal tube oncinales from the Iilb. 
the spiracle- lo tlie lonaiiiiilmal tnmk, .and sm.aller in-aiiilii" 
the trunk .''eeiii'iii- d. I, .’1. .and 'i ot the abdomen eacli ,1 
of la ree t iibc' .i n-mi; 1 1 om 'he main t run k ^1 U't a bo', f' rae -pii c ' 
tulip's braia h oi|t la'o t.*.o p.iit-^ a- diown m Plate .\bl, -d 
7 of the .abdoiii'ii ha- ,a iiunib*r ot ni.'iller braticlics, and 
a iiumbei of -till -m.dlei bi, inches m lioni ot the lariie 'pn 1 


III Plittp 
Timiijif 

I ,1- iiit 

I|sV,.;v 

e !ii id 
ill-' liM 

iV-'i'lll 

-lllilul 
Lillirl I, 


I'll in 


fi' 11.1 

■ '1 l-IlK 

TI ' 

rUlll-'U! 
I S Iff 




7/e jiiiji'i I’l.'itc .\l,l, d-b 

I'cfiiiiie, .a'a r.aa- i-aicati larii., wnltti t r»irn , in.'itc, I' i 

width »i 7 i/en l['■r^d, 'tc-r i\. .ind ,'i()|Haid.w'''-i hl.C’k ,\l>deMi<-a 'laf'- 
preimncno- v. rv w..>k U .mi's .1. ndiiii' l.ie k ewr tw'i. t turds el tli-' 
.K-j^rmait, I’r-at.'tr ct .d-eat t w.. hf' h- ef tlie lemrili ef lli'' mel.-ii!- 
the heart atel tl,.,r.i'< raif.Hr-. rivrie.el'd.ral snOire very diHtinet. l a'' 
labial paipt nearly t'Aifc as leni^ .cs latriutn. ^la.xtiltic c.\t< ndnijt t" d* 1 


-s mill" 
j 

. , Ji-li-m'd 
lie 


nargi''" 
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([„, iliird ‘liiliiiniiial I'fmiir of protlionicie li-i; not visilili-, IVothornrip tiliin .uni 

(,irM pi.ui.nn 111 . ri'orhim; down two-tliird-! tin- Ir n^tli of |||.. ni isilliu- Mi-'otlioriu ii' li-H'i 
(.\triuliii; I" '^1'' *iP'^ Ml i.-il hor.ii'ii' li -i.; inM.-iI.li' Anti-iiii.n' r' achin'.; 

t.. t!ir iip^ of tin- in.ixillno. .<( mn.-nl-; I, .■), and li of tin- di lornoii ito- nd dor- illy 
a tnin-^ . r-f lin*' of t uliorrio-i , tho .-nirfaio in front of tin- rid*ao i-ii.ir-iK piinrf ifo^ but ;ho 
part lii' t!.' . uniont l andad of llic ridiro vrrv tliiflv itui.ct ito, i in (i,|. m., fm! -urfin n tlio-o 

traii-MTo I'd-'"-' ni.c-nrrini; on ^..oinnnt.s .■>, II, and 7. r'mn, t-t.-r .ibout a-i iinlo a-i it in Ioiil', 
soiii.v.l.ai il.i'i. iiid dor-Ji-M-ntrallv, vorv rnno-i-, an.l tii...riui; four -bort t.i. of npLil lonudli. 

>nindi' "1. llio oiplitli alidoniinal ^I'lrnii-nt dor.-ad I'l-ni.di- v.itli tv.o ’.I'al orifKi--;. Tlie 

piriil' ir nipt, in ns: of tho larva carnod ovi r and Miowini; 'oniow li.it in tli.- pupa. 


Tin 'uhU ; Plate XrJ. 2ti) 


I.iiiL'th o' liod\ of foinalo. Jh mm. Evpan.sc of irin^-i '1 'nin Tl.o . r' uia! do-or ndon bv 
'iValkiT 'I'll.' I-!' i< a< follow^: 


Cii'ir.i'in broMii Vn'onnio inodoraiolv pool n.iti.i oi tt'o n..i!.., -i 

th'. foil i'.' 1 ' iiior.i ai d id.i i friiiin d . -ipor- ii'o.l, r I'lb lo'.o 1 . ro i. 

I'liiun oli'i'pii -tripo. w'.irh o\ii nd' from tho l.i-. ..f tho nt-r'-r b-rd-r 
iii'i-. a'ld . 1 r\ ditTu-i' on t lio out I r -.do an ol.l,. p... f f< .rm p . i j < n 

r.mtl.'t . i' 1 ko 'll ip.. iiid huo, lonitilndinal. iio.iri r tho I ..i-i , n i. 1, -o ,b. r 

"ftoii ol I. t, |«,, 'Iilim.iri'inal ol.lnpi.. hi..' of 1.1 .. k''’’. 1 in ih - o- t. r 

'I r.pitht . r p t j. r oi il ii pic H ind iii . nit' u it li .i 1 .la. k ol >1 , ■ .. -p. .* ' n 1 1 o . b 


t dv po. 1 , Pod 'll 

11 u' it’i I ilark 
to ’ p of -lio 

'^'•.ol. ■ it.oih.r 
' ' ill I h’. llT'* ili'l 
or I.. r-l. r .d'no't 


ocil. 

XiirtUlil 

of 

lialiit' 

oil T'iir 
ai’ouinl 
Baok W , 

Lif' In 

X a 

ITjn-i.: 

allliiiiioi 

for tin. , 

The M. : 

allot I 'i 
loavo- . 

of till' „ 


/ o/i/ooi/it fitaitc, a iiiiiifi wlip’li .il'ii I'llip'O' 111 'Ip. f.'tnilv' 

li'i' iioi'ii icpnitcil li\ \anoii' alltlinl' i.niiPu iii tl.o 'tipi-- 
hil.iiiliii Walldii ipMISi Iri, I |i 'll il .Ol 1 111 'i.’iio o\to!ii tho 

' 'fo' l.uloi' lai'val 'Iat;o' alnl h.t' liouiiil ih.o l’iil!-ai n ’ i Iai\a. tho 
'I '!io a. hilt rho uritoi ha- fmiinl tio 'I'ooio' tn ! .o n.ii.naia 
o Ol/.lo/o; iio.ir Law I OIIOO, K.IP' I', ali'l It! ill.' b'hiiwilio phli'O' 

f'loii'a, Now \(ipk; \ aiii'.!!!iio: Hfi'nh. ( 'a'lMi alia L'look. JPnil's 
'M. lioiiwiok Xlai>!i, .aiiil .Miohio.ni Holin'', , 

' / Inihil.s 

nl'hiiiijd ( ipot o ;ipp;iroii1 ly proilnoo-; oiilv op.o ooiior it ioa a \'('af 
d - 1 ho W I II op h.'i', 1 iron Iiiial do I O liiK j ; ho cab' "f ' hi' opoolO', 

wuik 111 the laiwao, frnin tho hi't ni'tai n'l. h, - P. . 'i nh'-i '\o.! 

twn M'a'nii.', ai'niiinl llhtioa ainl npo 'o.''.i!, in lyaii'a' 

1. a \ . It n la \ 1 lo f. mni i jii.'i .'i-. 'm pi .-i' tho o 1 1 - i a a lo i yo' a ppo.i i 
ml. no nf tho ^pouihI. Ill KaiiMis. nii \piil 2(1 PM7. '.v'.'.oii tho 
" i.if-lai! W'opo lint inmo ihttli Imip molio't aIin\o tho'tirboo 
""'I, tho huvao wopo fouiui at wnrk iu tho I pt- nl tho loa\o'. 
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Although the larvae had evidently just started their work, and 
larvae continued to apjx'ar during the following days, no (‘g;rs 
lie found on the plants. .Vgain, iti Ithaca, on May 20, 1018, tii.vt-iiist u' 
larvae were discovered at work in the tips of the leaves, l)ut noir.avof 
the eggs could he <liscovere)l. This sugg('sts the possibility that iIk 
females deposit their eggs in the fall on some of tin' old plaIlt^ m odi,.,. 
objects in the field, and that the s|x'cies ov('rwin1(a‘s in the I'gji stana 
The larva . — The larvae enter the leaf of the cat-tail near the tip ami 
at once begin to work as leaf miners. In their mining they do ikjI ro^triit 
their work to the longitudinal channels, as do the l;irv;ie of ArziDna 
but they zigzag back and forth in the leaf, <'ulting throiigli Ixith the 
longitudinal and the transvers<> partitions. They feed on th(' clileinphvll 
and on the spongy p.arenchyma of the plant. 'I'lie hirvae are 'tiidly 
solitary in their Imbits; only r>eeasion;illy do two, or sometime^ ilnpp, 
larvae occur in the same mine or ev(>n in the s.ame half, d'lie charac- 
teristic mine produced by the larva is .shown in Platt' XLII. d7 It i- 
easily distinguished from the mine m;id<' by Arzama ahliqaa. 

^\'hen the l.arvae tire ready for the first molt, they suddetilv iMilmi 
their mine to the outer margins of the leaf, thus producing ,i ntinoiv 
transverse mine extending nearly thi' entire width of the leaf hut not 
severing it completely. 'I’his causes the lettf to withi'r from tlu' point 
Dutwanl to the tip. In thi.s withered (tart of lint letif the lai\:ic molt, 
after which they mine downwanl through tin* lower, uninjured part. It 
seems that the ntitural condition of the leaf, which is very nmiy, 
unfavorable to the molting of these Itirvtie, and it is in order te (iM iconie 
this excess of moi.sture tlnit tla-y s<‘ver the conducting tissues, tliu- c, aiming 
the leaf to dr>- quickly. In this manner they obtain th(,“ requm d diynis^ 
in which to shed tln-ir first coat. 'J'his allows the Itirv.ae to rem in uinli'i 
cover, where they are more protected than they would be in die open. 
The characteristic apja-arance of such a leaf and the cast si n "t o«p 
larva in the .s<-vered |>art of the leaf, just alK)ve the transvei'' ' 'it, a.e 


shown in Plate XLII, 47. ^ 

The larvae of this sp<’ci«'s flo not cea.se mining after their first melt, an 
come out of the leaf, :is do the larvae of Arznma ohliqm, but " 
miners in the leaf for sfjtne time, often remaitiing in the lc;if th 
sf;cond, and even through part of the third, instar. Then, 
larvae crawl away from the upper part of the leaf and neck 
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behind tlio sheath of the outer leaf, where they feed for a time before they 
enter the slcnn and become true stem borers. If the larvae emerge from 
the leaf >oon after the first molt, they usually go down to the sheath of 
one of the first-formed leaves and there mine in the sheath for some time 
before entering the .stem. Occasionally they feed for a while between 
two eoiitiguous leaves. The effect of Xonagrin oblonga Grote is easily 
recognized on the jilant, since the work of the first -instar larva always 
cau.scs the leaf at first to bend over and wither, and later, after the severed 
portion has become dry, to break off and fall to the ground. The leaf 
thus iiroken at the end, and the presence of the mine, arc indicative of the 
work of these larvae. The writer once found a plant in which five leaves 
had been cut off liy these larvae fPlate XLII, .'Iti). 

On entering the stem, the larvae work toward the center, where their 
borings materially hinder the further growth and development of the 
plant (Plate XL\ II, 70). The pn'si'uei' of the larva(> in the stems is in- 
dicated by th(' dried and withercal central leaves of the leaf bundle. A 
plant so al'fected ne\’er lunuls, because th(“ larva keeps the center tunneled 
out. The habits of tin* later larval stages of .V. oblonga and Arzama 
ohliqmi. and their effc'ct on the plant, are vc'ry similar. 

Italton H)i)S) says of the habits of th(> larvae: “ From all aitpearances 
the larva beds for a time on the sheath of tlu' stem, . . . As it increases 


in 'ize It bores directly into the su<-culent central shoot, where it 
altmvard icniams until emerging a.s a mature in.sect.” 

^Gien the lar\ae ta'come full-grown, they transform to the pup.al stage 
in the biiiidw of the plant. 'I'hc' larva lii's with its Inuid upward in the 
juiiow. II,,. ,,yi( from two to four inches above the pupa and 

iscaiefnllv plugged up with a combination of frass and [ilant fibers. 

Bin! itidji states ih;it Xonagria has ;in extremely short pupal stage, 
roin se\('ii to iiiii,. (lays being the record of one brood. 

Xcw \ork, the writer first found pupae on August 2, 191(5. 
^ * '^nn.-.'iN il„. insects mature much earlier. There one larva pupated 
o!ily "|" '‘""'‘8*‘d on July o, 1917, the pujial stage covering 

bdb \ 1 -^"‘'I'ld Ithaca tlie first ailults were noticed on .\ugust 8, 

Wheil,' " I'laii.sas they were beginning to emerge by the 80th of Jvine. 
ndults ' i^t'iond generation, e-siieeially in Kansas where the 

^ '“‘"ki-' so early, the writer has not been able to ascertain. The 
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.•kIuIi-; failod to inato and lay in capf ivity. Ilovvcvor, nd 1;,,,^.,,^. 

wen' ()lwcrv('d at wnrk on tin' cat-tails later in fho s('ason. Tlincfdfp 
It is likely that if thi'fc is a lati-r yc-noration, it occurs on anothei- pl-aa 


/)/'sCfV /i/aoz >if tilt ■•fiiiif s 

lii.-nt — 'I’Ik' cnlor markings of the larvae (Plate ii 7 v;,n- 

'Oini-wha* in ililTcrciii indiviiliiaK, I'ut mainly oidv in the iltdivc of 
it!teii~it\' of the ( olor-., riicy m.a_\' In' dcs(a'il)ci| as follows; 

< I. !!-r.il JtF' U'.il •■.-I'T IL'Ii! iTenii ■•V'tli a sHdit tiimi' Ilf ftiisli riiliir. Hi'a'I lijii: lipm-u 
r-i. ti!,.! i.r -jn'k'. •! '.n'ii .l.irki r lir'iaii 1 '[ist n.i il Minin', iii.iiiiliMi-i, ami -in i ; le .ilmip 

t hi' ' u P' I' .c I 1 C' r i l. 'I ck' r hri'U n S!\ tiuiiriniilui.il, Hi'-li-rnlnri'il to hn i 1 1 

a!' iw f hi ' I,’ T" I' I. ' I * *"■ t" 'iv < »ii I .c II -"I*' ' 't till' nil'll Kill ilnrsil Inn' I '.i > . hp" ■! 'irip"' 

,i'ii i I i‘"ra' 1 • 1 ' ; • - ' ■' p' ;■ - n iPfi'.i njv , j „ ii. , 1 . .'i t h, I iii r,il in iri;m i 'f t h" 1 - \Khii, 

ti. -ii.Pi'.- , r m .1 Pill.. li . ',,'1 t’li'-p'fi'l p. "fii'ii. .iii"ilii'r iiii.ri' "I k'-iiMki'ii 

! , 1 'Ip i ■ i" ' lil'i .'1 '!" \' .1 ! ir\ i' IV"' In rr t' 'I fliii'lil Inila hrii.i' ih" 

hi-i' !■'' •!' I > '■' ■ •!' !' > '''fk l.r-uii -pill l>'irsil -iirf.ii'' uf ihc Up' kilMinpiJ 

.'i i I r i', I" ‘■'• 1 " 'h .1 if'- ■ r 'll"! ' \ I tit r i! -I'l" "f t 11 - limh Ilf ,i l;,;|i' n lliiUi'h 

■ it r I • '._'!i ■ ' ■' ''-nr" ' 'I or i. 'r 'i I'l t.i 'lO nen . ui.|tli, fr"iii I .'i t" 1 I'lin Ijrvs 

( iimlr.' .il I'l -I im i'.'l ' i- I' 1 - I' i"' m •! .i-i til'' l.iri. i "f .1 n/i/npn'. 


77 '. .'Ill' It I'!, It. - .Xldl. ;!:k .md \l.\ ll, 71 - 

V'l-rk.''- -7 f'lf.’; : u -irh 7 r ("’..l-.r r'-'Mi-fj ftr"\vfj, with fit'k'l ' 'hf kV nn'J 

< r- f'; .'f' r f-r'-v.;'.. H- .k'i ’.‘..fli ••■■f.i- il pr-'j. < iii.rt iklxnit J niin I "i - ^^inLT' 

) 'r^'-ii'^ ( , * if'i >r riir- ■ ‘ '■*’ *'i'' f'-'irfh .jHli.miiL'kl rr-.'' "r;i\ hhli 

i'l'ij: -rf Up* {.'.i'l .iftil fl.'Tix ri'-'iri\ \’d'ri"r 

i! "f ' k’ 'T .r i I . i »•' { »{' V' {- Jt'i t ifi'I "f.' {i.ilf t irii'-s .-I'-i 1- 'lu 

Ml- .• . . f - .v’fH * . > - ' ■ Ui '-f U '• Ui-t in- .il'-rtt; t Ji- ti. irUi .'il"!' 

\r I ■ *r . p .’•i; pr til ?r- k-.L' / if p*. < (‘rot ft nr. i' h' ft tnur \ • -.l-i 

!<.’•■'» f.i i r- i s ■ ’• 'tirU’j • -f U.* Jt. i\ 1 ! t,* M « .f Iimt v !'• r 

'l U,. f.p. Ui- f' i- . k* \f.*':jj..kn r'.i'fii.’i;: i ‘i.ilf ;s.i\ I" 


r* 


• I J> ^ nf f fi.- /;..i . ij! i- . \Ii'' it h'lr.it II- t .ir-l \ I if 


w I M J t'; 7, I'l- ! 'l<rr--k!.'/ r'l-itUs* •'«' 'i ’>uU| * i lU r- l» 

»i, i';<l 7 I' r •nri,f.«. {..if 'AiUt k Jii.kr'- 

f-irwir'ii' '1 n»l' m* .it f I . .'itj'l f{i'- nfJpr twn 

r/> Ui‘- f;.* <j , i?i ii * \ !l til* -«•.*.» t i*. frnfii t ;i' fi nt fi'-r, t h*- rrtul'll'- ' '-’i 

({i.'i.'i Up' 'i ,f‘ r I, re - 


• ' Ijir'iiii 

• i M ^'riii'lit 

I'l d'lnri'"' 

: . : ,1 lit'h 
"1. t'p-* 

\;,'l MiiJ 

. ,j nt "" 

k't 

, , i I'lr.d 
' II. I I'.iie'''' 


77.1 i/'/'/'V Hie .idnlt Plate XI, vn. 
I'll I oini , nii'.i-ni lilt; aliolll iniilmieter 


I, .Si 


I' Ilf a pall 

. 1... ,...i 




reddi 




orii'iti.d iji 'i tijiiion III the adult, a■^ found 

M)'*- h of V# {IrH.VIsli iTiV, 'OfipUMflfcC 

' fj. Unf/irtfi* 1 ii)t< rti.ii .ifiKf'’ 


in (U-oln (ISS 2 u 1 " 

(I,.. I'l.li.r Ilf \fi/llnm„o. / ' 
rimiidi'd awttj’; npn'i't 
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j ',111, ,1. ! ‘ i I ' l-' rinkcil f'l.\ pcii-i rimiToniilc. I’:ilpi iirdiiriicut, co/ii-f.ldr.jii-i. Mark- 
n'. " III*' fin' 'k'^rk liii.'ar ilcnl i.-iil ii.- t. p. lim- l.anh 'li-r-. rn.il)!c. StiKHiata 
I 1 |> pa'cr alludes. Himl «ilh a int.^sal Mar-k shade hand: 

•.iit'all' I ti d \Mth h'aekish, frne.i- and external i-iIki- like ah.h.riii ii ami \irv little paler 
,|„ r. s! nf the ii'seet. Hetie.alh p.ale, with the di-k ef l.,ri' a ties htae kidi; a eomrnor 
3|.,.'Kidi ( 'ira-tis 'ial shadcil line -Minnie hlae k .li-eal point.-, .'■n.aller than Typhne. 

A I'silitnclic iilhoff Hosii ( lof'zo 

1 ,- !iihcl>i iilli(ir( iinsd (lot-'zp is .-iriol licr mciiilifr of (In- fainiK- Xocfiiidae 
[t I- I'niunl III ( 'aiitnlti ami in llic nori licrn, (■a-tern, ami l■(■lltI■a! parts of 
[Ilf I iiiiifl Mates It is a oeiieral feeder ami li.a- lieeti re|torted on xvillow, 
■iiiiit'tui ol, litit lonliii'li, t;ra-,-, ami other phiiit-. 'hf hihOihu. the 

Miirr helie’.e-, 1- liere reported for I he hr-t tune as a foi-d jilant of this 

■pffif'. 


e/i h 'In I nil'l Inlhil't 

lid' iiiedi 1 - reported to ha\'e two irener.at Ion- a x.-n 'file writer, 
hnue'.ir, li.a- tiillnwed it ihrolloh only Olie yet, el, il Ion ;.t Ji|a ea, whert' 
t’vii adult- eiMci'ied on \iioti'l 1 ,'). 

J-’I'I-'" I i I he eoo- are depo-iled in loiio pai'lie- on the surface 
dl half, u-uall>' ten lo tifleeli im he- fimil the lip 'file t'iri;- 
“'“'l'"' '"d' another a- -hinole- do I he\ in on ihe h.if m rows, the 
’ ol , i,\- \al\ll|o lioiii three lo -e\eii. ,i!.<l the low- oVellappiIu; 
d* " hi I I - el I a - the I In 1 1 \ id I la I ettu- III i aeh low Ihe Mlllll tel' of 

"im |i I'eh raiioe- fioiii I'lll lo lot 

I } ' dd del elo],., II lici'onie- lilUeli ilaikei, IlllliUio \ er\' dark iu-t 

'■’‘‘hue tin 1 ^ , eiiieiLie-. 


Tin 


i:'l':i 


'111] I III 


I il'iialli 
(‘li 111 i' 

^hVl.iid 


*''lllie<il Ile!\- , liter halelnili:, the l.irxa lexolll- iheemplx' 
hi mil- lo te,'d on the -llllaee (d the fx pha Ie,!t. when' It 

‘ ah II uplix II \, t he hi r \ .1 o | ow - ami leed- im u voraeioiislv, 

' i’e- lo llie end ol the le.if. whele || e.it- oil llie lip of the 
t' tliiliiks out (d the edi;e ol the leal, a- shown in Plate 


'i\,i h,is iillaini'd lls full mowlh, il ties two eat-lail h'avi's 
l'v,,i ^ hiiwion iheni spims a loiiirh eoeoon in which it pupates. 

II jiiP '’ai'"'’i| III llie lalioraioiv, under ihe au'Iioi'- oh-ei \ ation, 

■Ml, I ^ "thers on .Inly 'J.'i. PUii 'I'he foinier hoih 

III' I, II,,, I , "-"al 1.1, ItMli fill- apparenlly imlieate- ihe leii.iith of 

am lo he flineleen d;iy,s. 
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Description of the stages 
The egg (Plate XLVI, 61) 

Flat; aaucer-like or shell-like io shape, and grayish white in color. Dururti r 
from the top, varying from 0.S9 to 1 mm., thickness of egg about O.L’. 
pretty, micropyle in center of dorsal surface consi.sting of a dot with a rosi tti ni ilingjjj 
cells around it. Radiating from the rosette to the margin of the egg, about I.’; hhkiH ndges 
indented transversely by small, rounded depressions. 


The larva . — The first-iiistar larva, within twenty-four hoiiis after 
hatching, is ciescril>e<.l as follows; 

I-ength 2 mm. Entire head jet black, thoracic shield ilark brown: me,,o- .tn l rn tathdrai 
light gray with dark tuliereles. Segments 1, t, .">, and -S of the alxlomcti d.irk lironn aul 
gray tubercle.s. The other .segments of the abdomen light yellow with gray inS' n Kw Prou 
these gray tubercles originate long hairs. 


Hcutenniuller (liMll) gives the following (le.s(‘ri()t ion of tlio tiill-irimii 
larva 'Plate X1.\'I, 62,i: 

Hea<l black, «ith an mvertisl V mark on the face, two white sirijs's liii io[i, i;nl inuitM 
with white at the sides. Body black, two \ellow lines on each side of tl.i li.ii k ami « 
on ♦■ach .side lielow the spiracles The tssiy is also mottled with conihiiiii ''r.i', liut b 
.S'! on the dorsum. Warts orange with light and dark bristles, along the eon iic -iiii-arui 
of orange sp<As. t nderside pale whitish. Is'iigth Ml l.'i mni. 


The pupa fPlate XLVI, GiP 

Iscnifth 1^ mm., width, o lum. ('pripral rohir dark brown. Win^h 
as the fourth aWormnai ?«*irment. Front of the Jiead •viMi tv^o round<‘d. ruiC"'* 
up and down, ^'’lypeo-labra! Mijnin* v»Ty dniin' t. I fie front rnartciii «»f ih • ! J 
Fabiai palpi thr»*** tinier a** h>ntt *be tjn<jivi4led laf>i’irn Maxillae ext* lei i 
fx'<rinnin<t of the third aUIornirial M*j^fiieiit Protfj(jra< ie femur vi'*ib!'' an l ' 
tibia and tann extenrlm^ down to the Iijjm of t}>e maxilUe Mi- ttli r k 

ing to the middle (*f the fourth aixiorninai •** i 4 inent Antennae juif failmu' 
of the m<*«^>thora^*ie lespi .Meljithora^ ie tar^i plainly vthiI)|»‘ \ entrai - ir i 
o, b, and 7 finely jcratiulafe aiitenorly, posteriorly fini-ly pumtate, 1 ii* 
snKx>th. (hi the dornal jnjrfaee, the metathorax anri the first wven af*'l' 
very' roughly tufjerrulatc. Creinairtirr broa<ler tfian it is long and iHarin-' ■ 
short, straight spinos. 


iilt .i"! fur I'isi 
riilu'i" running 
■ d i-'i r 'Ti'lei 
1 lU n t'l til'' 
- fir bh'^' 
,1 1,^2' 
fi II ft tilt' t^P' 

Miir 

iiruil '*'1^11^'*’* 
roiii III W® 


The a'lull. - Tlic .nliilt fPltilc XI. VI, fVlt is dcscrilx'il ' 
Henlftinitillcr fHMIli; "Fore wings while, tinil more m 
nnirkeil with ftiwn lirowii stre.uks Ixdwism the veins, giviii'j 
very charaeteristie .ipjM'aram e. Hind wings and btaly win 
.'U -15 nini," 


lilllllUS ll)' 

hcavil.v 

1 lie iiiscd 
|.;yp[iiise' 
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Archip.s obsoletnnn AValk. 

Afchip' nhsoldiina Walk, is a modi holoiiging to the family Tortricidac. 
This inject has hccii reported from the Atlantic .states and from Illinois 
The auihiii has found it in Kansas and in Xew York. Slingerland 
(19iU' 'imm'-^tcd '‘the obsolete handed strawberry leaf-roller’’ as a 
coinnion name for the in.sect. Archij)s ohsokiana Walk., although it 
live« on ^•al■ion^ host plants, prefers those which grow in moist situations, 
and b lieiv I'cpoi'ted on Ti/pha hit/folia. 


Llfi hi ■'■'f'/ ii iiii'l luihit.'i 

The liahiN ol this insect as a leaf-roller on strawberry have been studied 
ratlier laietullv by >lii;gerland According to his report, there 

are three eenciations a year in Xew York. It is not known in what 
static tile iii'-eet passes tile winter. 

h'jij-hiii 'nj I he etrgs ha\'e not been ob.st-rved in nature. In the labora- 
tory. tlie\- iM'K' depo'iK'd in a large mass on the side of the gla.ss cage. 

’ll''' "nier's observatiotis oti the habits of the larvae of 
the h.avi' been resirieted to those speeimriis found on Tijpha 

hitifiiliii I he I.irvae and their work oti cat-tail were first noticed on 
lat-tail head' Iroiii I.awrence, Ktinsas. sent to the author by 
dr. H H I'iniaeifeid and reeeive.l at Ithaca on . July 17, KdC., .V number 
" l"’"l' 'howed die etleets of the work of the larvae of Archips 
1-. lidti, hirvae of this s[X'cies were al.so found 
" l‘'' ‘'ls ol cat-tail |ilants in tin' .MclA’an Bogs. ( )ne iiuiia 
ai'd di-e,,\eied al this time. 

' ""'I''' "" lh(' immature heads of the cat-tail, feeditig on the 

p i' " ' ' pistillate flowers and sometimes eating otT the tops of 

I oMiles il’late XIA II. t>!) ;ind 72b The stigmas are not 

layer ,,i ' 'll ' "ttl' :« thin, but closely woven. 

I Ills silk layer, togi'ther with the stigmas on top, forms 

''Idling over the larva. When thi.s covering Ls torn loo.se, 
'"'■I'ly repairs it. 

'•itoi\. the larv.ae at time.s left the heads and fetl on the 
l ' *ltey alwtiys provided themselves with a protected 

' t\ing two leaves tftgether or by spinning a silken tulte 
' "III the side of the gl.aas cage. In this tube the larva 
'■ t.uing it entirely but always, kot'ping the tip of th.e 
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alxloinoii ('(uvrixl aiid i)nitni(liim tlu' lu-ail to fi'od. As th( Imafi 
dowiiwanl. it l(ai,nt b(MU'd this -dki'ii tuhc In tii<' fitdd, tlic .iiitlmr [' 
not oh-iM-vi'd the larvae fiHMliti-; atiywlu'ri' on tin- [jlant on ih,. 

U h('n the huAni hocomes I'nil-tirown. it lioc's to the top ,,f , 1 ,,, i,,. ] ,' 
wlui'h it tlnai tU‘< a leal in order to I'orin a plaee in which to ^om a, ^ 
tor pupation. i hi' -ilk u-i-d to tie tlie leaf to the head is rovi.n.ihvitti 
;i nii.xtiire ol tra— and the iviiiains of the staiiiinate flower- If a kj 
is not within leach ot the larva, the i-oeoon w in.ade on top oi dm lied 
Hear the raehis, .uid covered with the ri'inaiiis of the sianiiiia!,, 'luiwi. 
Atti'i- pupation, the wind and rain -oon tear off the eovi'niiii iu.di' hv 
the larva and the head ha- then the appearance of having hivi, diavd 
in p.atehe- Plate \L\ ][, 74 


iJi lif/tu, >if H.4 s 


Tht , ./,/ — '^iinco.’ 1 

Ttiin 'iv il. l iih' ' II 

■■'hell IS tin-'l;. r--' • a' a- n. 


■nd I'lOl deserilie- the OL^e -Oinewhat a- follnas' 

H'e.i . . 1 ,, r! inp.ii.' . , 1 . h .iin. r M')i imhke the -hnuh'- ni i imj.f 

a: ■ n.,r !,• -ii.m |,] imU ^ , „,j 


Thf /'/,'■ '/ I he iarwi Inav* 1 M* de-ei 1 i M ’d a- tollois-: 

olof gt' • n, '.lid, I ..t'la l.re .III !if ;■! .lu.! il,c>reif -hmiii. Iiuiti markeil « n. 1 1 1 k; t!ie 

bod> spar-i.;, i.^'i.t- ■-■■r. ■! I. ir- .iri-nig fr'cn |>dK’, rea/hi u i tn k- Tit 

nenl;. h.in i ^ ,,ir ! j. lln.v, una .» imaivu ln.id L'-igth ui' la.i-er-'i', e Kr.:. 
atxiuf 17 tiea i'..e.; Xl,'. [I. 7i'e 


77-/ — pup, 1 . Miou-u in Plate \'L\'n. 71. Tip 

(|f*'*Tii>rinn appli*-- Mir I'l-uiali* 

t .'i. ..'o ! J' il '!»; ■ r- A i"!'* r, I J in in . '.■■1*1,, i-.i i urfii ;i' r"s.-4 t he wiru;-/, I ' 
folor u, •Ainv.’' Inini; a [• e liL'itfcr f'-inn**' rli.Lii fit-- ri 

U irifc?-. r-.t ..ift.' t. k' k .twTr i-. m,.- fm.i li- th- {.. jrtl, iU|.,rnin.iI -.‘oint-nt I ' 
r/iu* ti Ml! f r.- ipj'* ^ <i. i -.ili* ni | r'.ii' *tl' t In- Ip' i-l d ■ 

't r.-lif*-, ‘♦ph.vl'f I'jpM .\ t 'T'l/' ri'liif .tt tip- I' 

n,'i '.r.r i.'jt f'r niiihMit , .I'l'l f*:-- » i-, 4iitiir<‘ <li'fiipt I •' 

veiijif. K'iio.il pJfM or, t rt fi V- i-. n.-iMil.n’. Afavilla'- I •' 

hfn of tf,/* .\f t .^^>1 triiirii'uL'ir, n-.ii Innii 

i/f . ri»- ii, I ( 'll , v - r * -»• ,f h* .r im' \ I h-Iow t fp* iii.imII p • 

fz-ritur f-hi.fc I.' ir U 1 (.ri-*' I" 

anrpnn.v Ara- f.ti **■ -fp-r*' r fii.m fh- uini;-* () s run, Mfrathora''!'' f lt 

t h/* tipH Ilf ff,' f kf li'.r.i- ■■ 1.^ .Ki'l int'rjii.k*' fit-nUal orifiPt* (lonh)**. * f‘ ‘ 

iori»" r rf, n, .* m f-r-M'i, .npi < ilfht r'lrvcl ‘-'••tP' . 

from fh/; ei'l ' wo (,0 ca* h -ni»- '» t;i*- uf I»<mIv loiii' ihpI |rroMi!tp nl '' 

durfftu*. the fix-ft aUitnaiiuil (K gment Hrii<H»th. .Segrxjeata 'J to .S, induMivp, ' i' l‘ 
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I,, an lif >-troiiK spines, iiinst pmiiiiiii'iit on M-ttnicnls t, .'i, (i, .■jnd 7 , A few ^.pines 


Mil unit li aixloininal 


tr.'ilr''''''- 
pp''l'ii 

77 ., ,nl ill Tlir tollowill^ ilcsciiptioii nlMlic ;i(!iilt 'I’lato XI, MI 7.')! 

jy qiiiilid I'liilM ( 1!M)1 I ■ 

Cnif. J ro'T Mini-y frni.i n »oo.l-l.roun tliroiiirli .■■niinra..,, i,, ruysi f, t!„. win - 

and nil t-.r uuL-y iniH'ilh ,-ire ..f ,, h^lii.-r \ .■llo«'isli-l,r. .u o r M.iov liM.-, uin-. trni'y- 
MT'e, d rk kro.i 11 liiHs oc-iir ,,n tl,|. front umi;-, y|i<.«ini; m. ri' .liyiii,. 1 k ir, 1 ij,. m ii,.' | 

nxipiidiin; > id!,|!i, k aiToss tl„o,. unit's is ,i l.ron.l, .lark kro-.ii Inni.i, n„,r.- or i.os , d,, 
the li.'ddi. , aid tie re is n -iiliupifnl -pot of tin y.itn.- .-oI.t on ,-n-h' front u.no. 

I.ijinniu cm ithriujinili Ihi Sttiint. 

/. , 7/00.10/ /)/,,■,/,/,„ /7, //,. Slaiiil. is a lit,],' l.floimiiio to ili(> family 

Tlllid'l.H' Wllliniil (|l|,■stln/,. thi, i. ||„. tiK.y, ,.,„,,inoli :it„| t|i,. n,nst 

aliUhiLiliI 1/1' 'hr HIM cts iiifiMtitio: til,. ,'at.iail. It, , lis- n! .if |m!i 1 , i^ wnihi- 

1' iiiUl'il 111 I'.Miilaiiil. (•i.|ili:i| .•iiiil y,,u,!,,.|,i liuiojn-, porili. rti 
Afri/':', \iMiMhi. Xi'U- /i.al itnl, tonl t!,,. I ■|ii!c.| St 1 '.., I'-IimsI 

'' hi/ot .,n,l r 7, /o, 'I'll,, uni,.,- Ii.ts i„..-,,i',i,'v k 

''‘i' mail 'I I' '■ ot i I lit, a plain ' 1,1 ,a;iv paO'h .trc ink-' is! Ii\- i !iis 1 ,,^,.,., 

I- / ' ' 'o , 'I I, 'I hill Ills 

ihiy yp,.ri..y, 'i.aiti'uH m:') wtot 

a 'i • -'e\ p I ' (■ of L;r.>:ii..| u 1,1 r. 7' ■.■••ro,,s ,u yi a , 

, I ''‘'''''i -on.- ,il ■■ : ■ 

'' *"!'* **"' '•Hn'. I If, n. irk t .!' ',.! ..yi 

'll ai„l ll.it, ,.f i, !,,u,yi, ul, ■... I ■!, r,.! a.yri'. 

' ' ' ' ’ I '1 "ii"U h' I t !i' m f Ik ■ l;vr'. .i» •»•*/.«. 

^ ' lis'liil ill, 'it wiifl |||,._ In .,'1 .■! the plati!, I'Xrrp, 

in'" III" sl.iti ,,, I, .yk.llii I’lak' Xl.Il 

'"‘"'d I "-V,,.. k .,.,1 ,„| III,. t,anl.., yi\|,.y.„ 'I,,, plyllll ,,,. 

''"m''!- ainl I., 1,. , I, y, tin \ i ■ a;, ,\ , ■ 1 , , , i,,„ at , 

y;,]| I ' .I'-p',, , !i, y, ill, ', inioia:, 

Ml, niu.H.p an, I liiiallv 1,„.||,. ,,,.,,1 ii|.. , , hiy ,.i' ,1„. li, , i- ypih,. 

S|.,.,p I I ' ' ' i"' i ' '' ll I' II ' "I I If It! ! I,, y, lllyy W lll. ll I „.ai' T h, 

"I”" "" .'ll>UII,!.lil,',. ..f y|lh VMlii uhl. h 111,.., 11 ,. ll|,.,|,,\v,| 
'J'lln , ,, . ''‘''I’i"- i' ll"IM l„.||.'i l,,i It ,i!T ,.| 1 .low II aw a \- 

U|i|i(./|| ,,, ,, r'l' "hii'li .ii'f iii|,.y|,.,| hviln-y,. 1 irv.i,. pi,.y..|i! 1 .sinkino 
ton,. ill, I |,p I " '!"in liy ili,> l.-irva,. Ii,il,|s ih,' tlowiiy mali'iia! 

'I'll .illow (lip .s(.t.(l,.y io I'tsottpa, hill tlic liotki.s Huff oiii 


• ' r , r 
I 
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jjreatly and l>econie twiop or throe times their natural diameter 'Pwo 
heads, one heavily infested with the larvae of L. phrngmitiHd, and ihr 
other uninfested, are shown in Plate XLV, oi). 'Phis is tlu' nppearaiKr 
of the heads in the fall. Durinn the winter anil spring th(‘ uniiftKi,.] 
heads lo.se all their siaals so that only the rachis remains, hm the 
fested heads retain their seeds in the fiutTv cotidition just dcM iilipd tii; 
the following summer, when the hetids finally drop to th(> grouiid. A lif]i| 
in which the majority of the heails are heavily infested is shown in Plafr. 
‘XLIX, 84. This jihotograph was taken in .July, just about the liiin'tlia! 
the new heads were forming. In the old heads, as well as in tin* nnwlv 
formed ones, the.se larvae were present. 

The larvae overwinter in thi' half-grown stage in the head of the plant, 
the fluffy material of tlu* fruiting spike being their jiroteetion. 

In the latter part of May or early .June the larvae attain their full 
growth. Then, in the midst of the downy material, the larvae spin thtir 
thin, tough, white cocoons and transform to the itupal stage, .Many of tie 
larvae, leavitig the heads, go down and bore into thi' stem of the eat-tail 
plant, forming burrows whii'h they line with silk; and there tlna- pnpat' 
In the lalKrratory, larvtie weri' placed in vials containing hitli hiinclh' 
of seisls from the fiead of Typha. The larv.ae spnti cocoon- m the viah 
and pupated. Sotne of the larvae bored into the corks, lined the tiimiil' 
with a little sdk, and then tran-formed. 

The average jmpal stage la-ts 2b. 1 d.ays. '1 his was aseeit.tineil Iroiii 
data on five individuals in the laboratory, a.s showti in taldi’ 7- ' eiums 


TABLK 7. 
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Detkrmjv.itiov or the Pi patios I’eriod or I.vms.aeiii nineeiiTE '' 
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.Sp<>eini»-n 


Datp fif j 

Date ef 

pupation ! 


.Juno 4 

July 1 

June 0 


.May :«) 

July 1 

•May .T 

July 

June ') 

Jlll> '' 

June 1 

June 2- 


liTigth 
iif pupal 
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21 
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., 1,(1 iiiip.u'. as they wen' rciiiina'd from |hr piii)i)ii.s of the licad of a Typha 
plant, all' 'liouii ill Plate \LVJII, X2 
Thi ii'liill. — I h(‘ first, adults \ver<‘ observed to emer}{e in the lalioratory 
on .liiiii' 191<), and tlu' maximum emerj^enee oeeurred between June 2.3 
and Juni' JO. In the spring of I91.S, the moths first appeared in the 
lalioratory on June 10. Immediately after emei'ei'nee the adult moth.s 
(ifti'ii rc't dll the cat-tail heads, as 'hown in Plate XLIX, S3. Stainton 
ls7i)' 'pi'ak-' of tile adult as follows: 

ff in J il' w vi.Jit a Ideality in wliieli the Ti/phn ctow.s \vc m.ay probably find 

liiuanl' .'Ii'iii; miiih' ^iikPI I'r.o eli-ochrei.iis ini)lii.<, witli the ant. Tier « ings rather .streaked 
«ith li-ottii-'i loa.irds the ,ip,.\, ,ind ailli two dark lirown spots ringed with white on the 
.|i3C tiifse w mlii no diMilit lie the |>erfn>-t in.seets of Lnurn't Phriuimi't lln. 


I)i sen jil :nii nj thi 

Th !a,.n Plate XLII, 32) 

I.nigtli troiii Kilo IJ inni , width inni Cener.al crmiiid color yellowish white, 
iditr.il sid. .Iiiirelv while, with tlie e\eeption of the browni.-h, ehiliiii/,ed legs and priilegs. 
iJiirMl eiri|,,. with .1 longitudinal orown ^lri|)e». The iinslian stripe rather inarMW. the 

mat strip , mi , a,.h side of the an di.ui line, wi.le and somewhat light . t m color, the stripes 

"1 tie l.i'i r.il iiiargm. above ihe s|,iraeles more or less brok.nmi,, bloielii .s. Head light 
M'll'iH, lilt, h,d with brown. I pi.r.imal sutiin- d.irk l.r,.wn l>,,st,.rior jiart of the head 
iiirk hmw,. Mai.dible- .uid l.d.rum dark Proili,.ra\ motihsl with d..rk l.rowm The 

sst ahilniiiiiul ...giiien, ,!,,n,.d with dark brown spots, sh.iwn m I'i.ue .\LII, JJ. 


77,1 


l.cngtli 

li I'liiiit, r 
'‘■-'iiit'iif . 

P'iipi {ifi - 
"f Jill' rii.L I 

j, , 

"'■'-ilptitriiid 
h-.t,;,, 
liiit , ; 


/"//111 PI, lie XI. II, .ill 


I" "1111, Wi.lili J I .> ! mm Ceneral color veliowish brown. Head with 
""led Iir.ijeeiion Wmgs reaelmig to the middle of (he sixth aWominal 
"* -iitdr,- faint I abrnin with outer margin roundisl. I.ahnim 

'hiMlUe br,..i,| at the ba,s.. ami m.irh n.irrower at the |iro\imal lg>lf .Maxillary 
O' ■■-iMtdl triangular pica- I'r.ithoratie leg- exleudiiig I w o-l I irds I he length 
e Me,s,.th.,r,a. !,■ I,.g, not r. ai lung ,,nile to the tips of the maxillae Antennae 
I' .e lung ih,. lips of tlie Wings, ami eonligiioiis all the wax to the lip. Mela- 
|"'i''l'le Hudmienlarx prolegs x,s,|,|e on the sixth si'ginent. .\o definite 
bo'h (hi the dor.sod'audad surfai'e of Hie hast aUioniinal st'gment. 

^ lai , .irr.ingi d m group, s of four. In e.aeh group thri'e setae m a straight trams- 
‘Hirt li sc|;j rrphiil;»t| to tin* iniddlt* oiu' of tho 


7 //( ,,,i .ij 

17 Hill, s, . 

beuii ,,p, I 
"'tlidarl u, , 


lilt II nu;lh of (be ;jd(i||, with winns folded, is from 10 to 
III I liS70) )ri\es ||],' following description of tlu' adult: 

■ li oihrious, fare paler. . , .Xnts'nnae pale grayi-sh-ochreous, sptxtttsi 
ntermr wings pale bmwiu.sh tK-hreou.s, the cost.a Inyoud the 
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mitldle paler- on the disc, nearly in the middle, is an elongate dark brown spot iirriiuinlr i 
by white, and in a line with it at the end of the ihseo'dal eell is another similar sp, ,i j , 
streak freipiently eonnocts the two, and the entire apical portion of the wiiif; is “ 

streaked with brown. . . I’osterior wiiifpi pale >rray, with Krayish-ochreous 1 1! a 


Diajniolomid jiilianalis Walk. 

Dicijmohmin julinnnli.c Walk, is ;i mcinlx'r of the family Pvtuliilah 
It is found thmiuihout the southern part of the United Stjites iihaca 
is probably ntyir its northern limit. Its host plant is I’l/pha lutifulhi. 

Life hi-itnnj nnil hiihils 

Diri/iniiloinii! W:dk. has liut one Kf'i'f'i'dti'^b vea;- It 

pa.s.ses th(“ winter in the h.ilf-orowii larvtd stajrt*. d’he htiliit' of tlii^ 

insect :tre \'er\' 'imilar to those of l^iiiniuifda phnnjinitt Ihi. 

Kijij-loi/in'i ■ 'I'lie eoos of /> jiiltmuilts ;ir(> placed in tiie liead' of tint 
c;it-tail, iieint: iii'etted .--imriy in tlit' down, or [taititus, of the seci Inm- 
are fa.steiied to the pappus at tdiout tlie level of th(“ kernel of llie 'inl 
'I’he eiigs were fii-'t found on .)uly2'), I'.IIS, at whieh time the.\' v.eie latlirr 
comrnoti. If wtn not at .-dl ilidieull to loe;ite thmii, once it Iml lem 

discovered where to look for them. I'lie period of (‘titr-lay'iie li.e nut 

been eareiully determined, liiit apparently there were no li"! lielnn- 
the middle of .lulv tind none' tifler .\ueust 10. 'I'ht' em;s are plireilm 
the he-ids of the eat-t.-iil with the blunt, or tmlerior, etui euiutir'l 
Several etrirs are shown in the cross .s4‘etion of ;i he.ad of 7’i//iA" Ai/<y//'t. 
in Plat(‘ Xldll. \r>. 

On ./illy L’.”i, 1010, the writer w.atehed one of these e(;{;s li.-ilili lb' 
liirva lav III the stretched to Its full lenjrlh, and etiiiltl be si i II iiiiim;'.' 
back ;inrl forth iii'nle rlie rizi' shell It ate its wtiy throimh tin 
and ese.ifs ii Plate ,\ LI 1 1, pie U le 11 .about half of it S liod\' W :e 'III 111 till 
shell, the l.ir'va teamed a foothold on the pdppus ;irid pulleil ii'i b ili''"''* 
of the Wav oiit of the shell. 'I'he larva lits-s not devour the eiMp'' 
but .at once burit-s itself in the head of the pltinf, where it eat' eb 
styles of the pistillate flowers. The e.miity shell remains attai ii''l 
pappus. 'I'he time from the moment th.at the larvti actuall'i ' 

e;it throujjh the ei:te--bell till it was freetl was aliout i.'.eiit,' 
minutes. ^ ^1 

Thf hirvn. ~ I) julinruiliK s|H-nds its entire larval perio'l i" 
of the cat-tail, obtaining ita food, firat from the styles of tie I"'' 
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Idwei'' ^1'*“ ;<inl llic (lri(‘<l-lip jKirfs of the fiowor. 

\s Mioii ;i' iiuN'Iicd. tho larva l>c>fins lo fcc<| on tlic stylo, loavirifi IIk' 
^tiiniias In folia a sort of covoriiit' ovor itself. 'I'liese severed stigma.s are 
spun toiii'ilior witli a little silk and thus held in jdaee The Larval habits 
of both LijiiiiKU'cia pltnKjiiilklld and I) jnUnnaUs are very sitnilar in their 
early stairs. As the eat-tail heads beconu' more ni.atma', and the larvae 
grow Itirgor, they enter deeper info the head, and their pre.scnce is not 
so readily di'teeted as when they are workiiifr near the outer surface where 
the little I'aisi'd patelu's of fhilT\- ni.alerial they p|-odue(* are easily seen. 
The apjiea ranee of a head of 'I'yiilia within a week after the larvae had 
hatched and enten'd thi' In-ad is shown inPlati- Xld As iiithe case 

o( Liimiiiuria plinii/iiiiti He, the seeds are kept from sc.-dteriiifr, by beinfrtied 
together with silk woven by tin* larva. Xeiiber wind nor rain is aide to 
tear iipart 1 lie heads sopi'oti-eled. .Veeordinaly tln-y form a frond shell I'r for 
the larvae iluiintr the winter. 'I'he larvae of 1>. julniinilis liore into the 
a.xisof the llowerspikeand there spend tin* winter in the h:df or t wo-thirds- 
jgrown staae The lai-lii', with the I'liaraeieri'lie tiimn-Iimr of the larvae, 
I’Ssliounm I’hiie Xldll, 12 and M. 'I'Ik-'i' timni-ls are later lined with a 
ittle sill c and in them I In* larvae e iiisi nii'l liirhtlv-v\oven eoeoons in whieh 
they traiisfoi III to the pii|)al stiure. Many of tin- laiwae. liowevi-r, remain 
111 the material in the lieai|s to spin tlieir l•oeoons and jnipnte. 

Pupation heuiii', about the first of .lime. The adults emeyne .luring the 
latter pari o| ,luiie and the hiM iiari of .luiy. 

Diiriii” ilie spring of ItlKl the aiitlior diil not tind an}’ dead larvae in 
the lieieb oi ihr eat-lail: but ill the spring of lul.s all die larvae of this 
BpW'ics almL he ohseived were (h-ad, evndeiillv ha\ ing heel- killed hy 
fhe seven- rnlil cif that wmier. At tlia! lime evi-n tin- larvae m tunnels 
of the a\ev (,| ill,. ||,.aij^ wen- dead. This was nut true of the larvae of 
, U^tiuiiciii /ill I ilijniik 11(1 ^ however. 

L 

,,f //a 

Tile ( ijfi 


Fl< 


orif'.'gi- 


lalK riiiK rnnsiderahly toward the posterior entl .ami rather blunt at the 
' M-III, \ erv Ions "I pro|Kirtioii to its wiiltli, inea,s,irin(j 1 mm in 

aeii at its Krealesf diameter, ('olor of oRti white, with a .slight bliii.sli 
Seiilpniniig rather faint, eotmislitig of line, more or less he\agon.al 
■ (Plate ALllI, dt), drawn with the ean.era lueitiai. 


aterior , | 

instil aii.i II 
“Se in ri-fra, , 
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Thr liirni . — 9 'ho larva of tlio first iiistar is slioun in Plato XI, III 111 
Tho followinii (lo'-oript ion is tal«'ii from a larva al)oiil thirty ininnicx 
its omorgonoo from tlie ogg: 

Length 1 1*1 inni , greatest wiilth 0 tiitii. Oeneral rotor light pinkish or flesli (M|„r iPj,] 
and thorueie sliield nmtthsl witli darker liroivii, ri'strietisl m tlie thoraeie slnelii to tli.' piati ri ir 
part. A dark mottled area on the dors;il surface of the Last altdomimil segment also 

The full-grown larva ( Pltito XITII, llj is (Icsi rihod thus: 

Length from 7 to 10 mm ; alxml 2 mm at its greatest n-idtli. Much fiatteneil, and in 
general much like l.'immucm iihrmimiiilln. (ieneral color llesh eiilor, X,, 

markings on the tesly except, :is m the fir-t iiistar, on the dorsal surface of the first ihiir.nic 
segment and or, the last alslotniii il scjrnicnt Head dark hroan, aith darker hlotUif, 
the outer margin. Lpi, ra'ual suture xervii.irk hro«n I’roihoraeie sin, .I,! .pri^ 
.slightly light, r than the he.id, uith two ohhi|ue o\,d sp,,ts mar the lai. ral in.irmii, the 
.shield Is-mg mottled near the po-tenor margin. Derail 'Urfaee of the last al)'l"iiiii,,il sj- 
merit ii.otthsi anti tirownisli patele-.s or s[x>ts, aa sho.in m t’late .\I,III, tl I lO.i neik 
dislmg’ii-he.i from th.it of in that it do<’S not juissi.ss th.. iivf Inipti- 

tudiiuil .str p< s on the dors.il siirfa.-e'.f the Ixxjy. 


r/a po/x/ I’lato XLIII, H; 

Length 7 s mm . width 2 ‘I 'f mm. General eolor yellowish Krown to d.irk hrowti Front 
of head iiot \.s|f,|c I'roiii the leiiir.il .i.'(x<t. ( 'll |x’o.|.il,r,il suture disimi t L.tliruiii mth 

an emargu.-ifon and vi ry small, apix-armg somiiih.it like .m arrow he, id ’l'» ’ Idn; luT' 
on the elyp. 11 - \\ mgs extending 'a. oihirds ;ii ross the fourth ilxloium.il segm, nl Miiiilh' 

extending to the ning tips. .M.ixillari palpi al>'.i.t. I’rothoraee I’eiiior.i ii-ihl. I’r" 
thorai e h g e.ii tutu, tiio-ihirds lie length of lie- in.ixill le M, s,.i I,, r 'ei,' 1. g- n , 11 'liiiiL' 
t‘) the lips of the amgs. \oieniLie re.n hiog to a point h.ilfaav IxUuci.i the tip 
protiioraiie h g iiid the tips of the ma’-ilLii'. .Metal horae.e legs not ii-ihh. (niiiSir 
.sulepiadr.i'e, t.e.irly smooth, v.ith -ri ipially long, hooked spmes arranged m gr" ip'i'l ihr" 
on the outer angle of the i reioa ter. Kuiiiitieiit.s of proleg.s im segineiits i .mu ’’ 
alxJonien. General .surfa<e of the Ixxjy stiexith. 


i; 


T}ir iidiill — I'lif fidult foin.'ilf. shown in 
mm. ill Icngili ami lia.s a uiiig cxp.'iu.sf 


Plat.- XIA'III. M. nieasiin- 
of l.S mm W.ilh'i- 


d.-orilx-s the miulf ;i' follow.s; 

\\ t'fjtlv rnarkffi with f»*mjpnou!i. . Antrnii.v ? i.Vl, hitn'l-' 

w It h l;r'm fiMh .ntout. . I- urt* i . h t 

tfp* fjr-'t fxt^Ti'jr. tfj»' rnariciiui!. the interft»f*«Ju4t»* imrl with I 

ikPf hat l;y tli#* 
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COI.EOl'TEUA 
Calrnrlrti pcrlinux <)liv.' 

jxrliiiii.r Oliv. is a Ix-c'tlc' Ix'lonfjinj; to the faiiiilv ( 'alaiidridac. 
Blatiiilc'v and I.c'iijj; (191(1) state- tliat Cnlriiflni /xrti/inx '•ranirc-s fnjiii 
New liiiulaiid and Canada to Micliif^aii and I 'tali, soiitli to Florida." 
.Satti'i'thuait lllJOi reports this ^pc-cic-s from the- followinir states: Indiana 
Mi-(iuii. M.ai-vland, and New '^'ork. Tlie author lias eolleeted and 
rcMiril It in I.awrenee, Kansas, atid in Ithaca, New York. A variety 
of pni'ii'ir. C.alled hiplu'i- Cliittendon, has Ix-c-n reared from the- roots of 
Tniihn liil tnh:i III ( 'alifornia. The known host plants of ( . piiiiinix are 
7’i;////a lt!hin!-,i, .le(/;'as' c.ildnni.s, com (/td iiuii/si, and Spiiriid/n'iii/i sp. 
The cMiiei' h foiiiiil C pirtiiidx in Ti/plui Idtifdlm and in Spdnjdinum sj). 


I.‘p ll 'li‘ 1/ dint lldllll^ 

Hi'' ""'mI 1 ' hiiiiid i<i he most alnmdant in Typha paiehi-s where tlie 
jilaiii' niiiw 111 ^iid III' ei'assy sod rills has heeii funnd to he true- in 
Xi'W 'link .'o well as 111 Kmis.'ts In the wet, ^ras-y pkiee' aloinr tin- 
iiai'k' 'oiiih ol Ithaca, where Typha yrows inieniimyded with 
vaiiiiie ii,,, |;,,-v:,e were found to he iniei niiiiu'roU'. 

Hic'c patches tiearly c-very phint was infested. Howi-vc-r, 
till' ui'i'\ ll Was found ids,, in the larger e;tt-t;iil patches of Heiiwiek Mai-'h 
ttf'illtal till' hiolonieal field station 

Id!. I he eiios are itiserted into the outer shiatli at tin- hasc- 
' " I’Hiil, \ei'\ near the stirfaci- ol the uroutid No fetiialc's were 
'i'ttiall\ 111, (■r\',.|| ill ll,,, ,,,,| ,,f oviposit iiijr, 1,111 the newly laid i-ires wc-re 
’"I " 'Hi the eiul p rot laid inji from a lit I le 'lit in t he shvai h ' |’|;de 
I I \ei\ w'el places it is likely thtil the I'uirs are jilaeed above 

' Hie water, hilt till- writer ohsc-rved tlieiii oiil\' on cat-tails 

I'lther dry situation. 

ll I'liiod of eytr-layiii,r lias not Ix-c-n fidlv determined, hiues wa-ia- 

Si t ( 11 I t ,, I . , I , 

•>ns:i.s Oil .hiiu’ 2S, i!M7. At that t mu‘, hnwrver. first - and 
I liiN.K- also Were found in the plants, so that ey:i;-lavinii 
'■ii>ed some lime before, probably ;is ,-arly as tin- lattc-r part 
^s Wile found in the stems as late tis .Itily 17, when the 


tihv.'iV' 

XL, i; 


H'sl full, 

I’I'I'llllll-lll, 
"HIM 
"f .Mm 




la i: ( 


\ an Dyke. 
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observations had to he diseontiiuied. 'I'Ik' period of ess-lnyinj^ is tlierefore 
spread over a number of wi'eks. 

The Inrm . — In the laboratory, the lar\ae wen' |)lae('d in (in s-iKp (30x53 
which had been p.artly lilled with sterdiz('d sand and iiioisiciumI 3vitli 
boiled water. .V little excavation w.as made' at om- ctid of a iVisli 
of the rhizome of c.at-tail, .and in this tlu' l:ir\a w.is placed an<l h fi tdfeed 
Such |)iece.s of rhizonu', two or three inches loiu;, remained fndi from 
three to fiv(' days. As tlu' larva became older and lu'i'dcd hkik. food 
these pieces of rhizome had to be replaced more often. Hv spilt tiiiir the 
piece o[>en, ('xcavatimr a little hole in the center for the lar\;i, .iiid then 
bindinu the pieces toiiether airain with rubber bands, observations oould 
1 k' made from da\' to <tay without undul\' liisturbinsr the larva 

.\s .soon ;is the larvae ari' hatched, they beirin to bore din'cih- iiitolhe 
stem, workinji towtird the center, and thence downward towanl (he 
critwn, :ind from there into the <-entr,d axi' of the rln/oini' Plate 
.XL, I!l>. Like the other bon-i' of the cai-t.ail, this laiaa at once 
si'eks the centnd part of the pl.i’it . h'-re the t issiie is most tc'.ilrr and 
sUeiailelif. However, the ucevils >1 eni to ha\'e a sjjeia'.ai prclcivniv fot 
st irchy food, ;ind for this rea.son they work dowiiwarii to the iliizmne, 
the core of which is ecmiposed m.iinlv of starch i I’hate .\h\, till b 
rearint; the larvae, it was foiuei that they would not eat ,an\ oiliirpiirt 
of the rhizome except the sf.andiy c.,n \s many .as seven lai \ .ic lure 
IxS'li found in a .~iliiile plant. In one in-tance they were all working 
tit the crowai and a.s .a result had neulv cut olf the plant. 

I'he atfeeted [il.atits [ircscnt a 'Oin'-what stinited ai)|)e:ir,tncc .si'iK- 
times the central Ic.aves <lje and the jilant fail' to hi'tiil out. 1 lie tunni'lfd 
ihizome.s shrivel up eon.siderably and often darken decidedly 

The l.arvtie crow very nipidlv. .and the lime from h.atchini; to tin puptil 
stage averages alsiut three week.' When the larva htis he. miic fully 
grown, it [)re[)are., an oblong pu[>al cell in the sttdkof the platii. teiut®'*® 
t ) three itn lies above the ground I I’l.ate .XIA III. Httj. '1 he |iiip.ll 
made of [);irt|\- m;i.'tiealed pieces of the sltdk, with which tlr 
((lugged alH(\e and Is low. In the l.alMiratory some of the l.n . c 

ii their burrows in th- rhi/onie. while other', that were reared in pu'*^ 
growing in tiowei («.'', iuiine|ei| through the soil to the bottom el 1 u 
and th<-re made a 'mooili, oblong, uidineil, l art hen ceil in w hn h tl'' ■' * 
formed. The rca.son for their going ilowri into the soil appeutts o 
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il.Miv lot a moist placo in which to pupate. The plants in the pots had 
iliicil up l■(lmpl(■tely, and the soil, too, was quite dry. so that in order to 
lind a iiMii'i place lh(' larvae were foreiMl to fjo to the l)f)ttoni of the pot. 

The leiiuih of the pupal staKO .secans to vary eorisiderahly. Eight 
pupae ueie kept under observation, and the results are given in table 8 : 


\P.I.K S. Length of Pcp.^l .St.\oe of Omunurv iurtinvx Oliv.* 


I ).ltc Ilf 
piipatimi 


.luly I.'i, Pi |7 
.tuK l.'i, 1 'I |7 
.)iil\ I't, I'il 7 
.tub Jl. 1"|7 
.Inly -.' 7 , Pit 7 


ISite of 
l■MIITl^l iiro 

■lulv L’l. I't|7 
.Inly 1'I17 

■tuly 1.'7, I'il7 


./uly 211 , l'i |7 ! .ViiyiiM s. l'i ]7 

•July I't 1 7 I .tiiyie! II, pi) 7 

July Jtl, l!tI 7 I Auyii-! 1 1 , pi |7 


I.eriKth 

of 'll ape 
filays) 


f) 

7 

Died • 

I) 

Put in 

pre.servative 

I.t 

I.t 

i:t 


10 ir, 


t T't -It piipai* ui rr Ui-ti rii.lni i P.r tin- writ- 
'O.piijti, IM-ii- , divert iti ti> till- .lUttlnr hlllt-i l! 


r t'\ Dr P U I. lU'on. of I.-aurpni'e, 


boarpUo,;, III, .tfoyras 

'I III I, III 1 >|;,(,. I,)) 

-ui'ri'iiT . ' Rn')Uos» w-idlh ()..S.’> mtn. Lioiur.Ue oval, .'^oarcely 

ijj,, ‘I|*iftii ( (ilor pvirr whifr. No dislmrt itiaikinu: or M'ulptunnK. As 

iippniarlH's. turning vrUttwish. and bcomnir- ^\n\v tlark jii-l hefnre the 


'III, l„ ,p|.„,. XLVIII. 77) 

v " ''r”""- l••P'eral.ial Milure .imuiel Dn e.ach side 

'fi' frti; 'll", uidLstiiirtly at \Uv v. rt.'x and niimmi; obliquely 

U';tr tip iiipfij,, I ^hnnliblrs \or> dark, !)rouii. almost blafk 1 rout tif lioad tLarker 
"hill, , I,. I,, II .'is.i .'Uilurc. f lypeus light hrowii. Ijihrutu with two inirving suloi 
ei iii.'iririii I I, ,||. 'Pi'il l)firl.M. On flic laliriiin four pronuni'nt hair'i and .a number 

spiriuP , , "p'''' 'listinct. I*rntltiira\ with a .M-llovMvli, , -Ini iniznl .shield. 

h ■ iihI urf"! nearly twice as largo as il,o other spinwie.s. .Sog- 

t' liLUli o| j,| ^ II I * " *T»'ndy enlargetl. Spir.aolos loeatisl on the dorsal .surface. 

MU e, ,1 1, , ' " "'‘P about 13 mm., when sIraiKlilened out, about lli -17 

uanieter , imn. 
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The pupa . — Tho pupa is shown in Plate XL\ III, 7 !). 'riu> m/c nfii,,, 
pupae varies eonsiderahly. 'I'lu' avera*;e of llu' nieasureinent^ of 
puixie (table 9) showed tht' averatre lenirtli to he 1 I 2 inilliineteis and the 
width, taken aeroas the prothorax, d .76 inilliineti'is. 



TABI.K 0 ^[K \'I RFMI XT' OF TH?', Pi 

•1 (A f’o.lMiIM I’FRTIVex 

Or n 


Np. , I j,... 

1.1‘lillt ll 




Ill’lliriH'TiT' 

'-■-'Idt.tnr- 

I 

•) 


l.'j S 

7 II 

d 


1-' a 

1 N 

\ 


l.'l 1 

0 I 

a 


1 1 S 


h 


!.: 



Axofaifo 

1 1 J 

*1 7ti 


'rtlf [111 pa 1 ' lar>:i‘, naki-d. .and dll ' v w liil r in ruh n It in:i lir i li'rnlicil 
,a' follow'' 

FfTfi f|p‘ '»‘U {{♦'.ul .kItijM'j or ii.tT'K fi.'Hi J.'.j \>\ th.- [irni linr ik iViHin'.' 

tk lofjvf'T f'nit fh*' ff>* .ni*l ifH t.v* )j. .r.v \ loniliini'l I iiiiif 'piii*'! idi tin ' irip- 

t fp- pft 'f lior.kx, .kfr kfttf* '! itt p nf'. u- kr t fi* < "rd* T' "i' tip- > jhri i t uiu' i’.kr <!■ T' Mf'"- 

lhftr.k\ f»Tfnin.kMfn; iii :% f ir l••f" . vMf}|*>'if 'pm* > <<r ’ i- M» i.it ln'r k ■, u ih t'H' 

ffr'^fiufiprif < >ii ♦.k' h •>( lir'f -i \ ikUl-.ftnn ki ^ .t ir row of ’.i- 

a.' follow-, 1. uith % irro-ip of ff,r< f.»* .»rj • v* h «-t tit* m '*''kii l in ml 

lat*T;kllv jii-f .kl^'Vo th»' 'pirk*!'- -* /ru'-rjf J f.i o ifi«Iiis.. *. tlf ".krtp' iti.ii^;' 

cxrppf th,kf fh»* CToiip-» !.kt‘Ti*i of t).. ff|. .Iwi ltd*' liv.f fu ir * f.p owni n' ' 

.'if-ta on tljr Lktoral fn.kri(»n. ''.Mffi t'-ot -p o» .irr -I in L'Totip- -d I'ui- 

p<j'<t*'nor niart^in 

From f|p- vf'fifrikl Ko-^truni r'.k'furjk,^ to i|i* pr- -t },..r k' p- tiro ppr " 

Hpin^'S at f h»' bjk--^ of ro^trofn anof Ipt pair in lino %s if fk f Ip- li.k-'< of r Ip- an 1 1 ima' ^ 

7kn'l rojkrhirni ilrno-t fo fh*‘ Mp-' of t(i»- fi-.'nora, 1 a'-h fi nnir wifli a '-i"d' 
the 'intal nn*! \^'in(C-' r**a^fiirtii fo Mp- "n.lM ,,f ifp. Inrpl fcni'ira Hn tip' > ipli' ilfl'iniKk' 
in paoh of flu* outpf two a{>P'‘-*, • ti'lit -pm**'*, arrani;p*i in iiroiip-- oi lo ir 


77// a/ln!f f'i.if chlt v .'itiil - I'JMli 

XIA fll, 7'Si a- folloW': 



n injratp-/»v'a! Bla/ Ic or r/*/Mi-fi'l»l'k» I- . -'Iiinintr, tip* ifif/T-<f),'kr»*^ of flioras an*! 
irif/Tv.'ki-< of plytra rovoro*! w\tU a /Iriv w^nt** /-oatinii lirak ■v'* in , *1'^^'' 
lonicth of fhp thoraXr fnipJv and .............. f. i .rrMoviul 


Thorax l/irijr^T than wol»«, ff»xvaf«- and fin^'v <iiit-*trn f/'d. vitf/k** *-nfir‘*, tho ini 'i' - 
at niiddlf^, narrow /fl b**forf: and In-hind , latrral oni’H with mnnouM, hranfli' '1 


nid'' 


• ii 


di*' 

il. 


u id'"' 
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.Iitrr-IVK'CS and -"d.-s i,f disc cn.-irscly punctate. Elytra broadest at humeri, .sides 
,.UIM rsriiif; to a|)ical fourth, then more stronuly to the rounded ape\; striae with’rather 
I'Kirsf, n a'llar punctures. th(' lirotider and niore convex intervals somewhat int<‘rrupte<i, 
,„,iiiilcl\ iihI -paro-lv punctate. I.enirth II la nun. 


Ao/tot.x /iiiiK liriillis Lee.’’ 

1o i^latrlilcy tttid I,ciio f|91(>i, .Vo/rjn'.s pimcticollis Lee. 

Plate .KIA III, rtinye' fioiii \(‘\vf<)iiti(|l:i/i(l .nid (^iiohcc to Minne.sota 
ami M' t:ii' 'Uiiili :is llie < lino Itivcr 1 Ik* IkisI plants fcported for thi.s 
'pecies are ealilmut', /‘i Itiinilni tv/v/tt/ov;, and Tiiphii latifnliu. Welister 
flS'ld , writ iiig (jf Xotd'iti liidlh'-. ■'avs; 

hi tta\m foiintx. ()hio, a fi* Id of ihi^ s^^.-^iup |.^n,l u.,js iinderdrained last .ve.ar, and last 
.I,ai'iur\ a.o |i!ohmI no further iiiltnaiion beu.y (;im n ,t imtd late -prinit, when it was 
pr. pared and p'aiiti d to i abbape, .about .Mi.ttfin m mimb.-r. 'ei 'ate m .lune. These have Iteen 
au;i( kcii aed III, tin of I 111 III de.irovi d b\ the adulis of I uo i,., ,,f iiebopbora iLi.drn- 
. -an e, I, lioh, ,tnd E' ,ein ;o,m a, | .., The former 's siippo^si io be the 
I Inef depri d ttor, thoULdi I niNself s.ja t||,, lalt'-r atl.iekim: the pl.ints, I irst, (m-tt eavities 
are gi.iiced ei.t of the stems of llm \ount: p'ant'. ;ind 'ater the has., of the lamer ieaxes are 
attacked frurn beneadi It is not imlikeK tli.tt oue .tnd perliaps both of these species 

lireid in s.tapi in i. ihoimd, [ imt,. .oime n a'ons for su-|>e(i’m' that the Kr\eus m.ty breed 
111 tile ii'Iiiijioii T'ljihn or (at-t.td 


Oil Viiotisi I'l, IPI.-,, at th(' Held Malit.ii in Roinviek Marsh, 
\ Ih it 1 1 1 la 1 1 tiiuiid the adult *if .\iitiiris puui'hi'ulhs Lee. in tlu' idiirow 
111 the stein III 1 vplia 1 lie Inirniw .appe.areil very much the saint' as 
that 01 ( iih iiilrn pi rinuir 1 |u‘ wriiei. Iinwewr, has not been at)le to 
tiiiil this specie;, during the Cdiirse of hi' studies. 


Ill.MIfl 1,U\ 

I siiiniinhjiiirhiis rt.'-nln, Ihinz.* 

^ b t /"lOM /ep,, / m/ s ;■( sv I’an/. IS tin iiiM'ct belonging lo the family 
I' general disl riluii ion, iM'ing re|)orteil from Ihiiropo, 
^in''iic.'i. .MeNico, ('antidti, and the rnited Sttites, .Vmong 
included birch, conifer, lictith, arbutus, Tupha lutifuliii. 
iilii.-'tijiilid , 1 lie two .species of rvpil.'i ttre licrc reportt'd for tlu' 

lil'st llllio 




ill fix' ■'^itring. during May and Juno, 
'll posiieii singly in the pap|)iis of the old cat-tail heads of the 
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previous year. They are attachoii either to the seeds or to tlic pappus. 
When the e‘i<j hatches, tlie nyinpli either opens the cap or l)reakv tlir(in„i| 
the egg shell, huistinjr it near the top. 

Thv niitni)hs. The various iwinphal stafres and the adults \\(ae 
observed on the n\ta\vinlerin<r cat-tail he.ads in the suninier df iupi (( 
was at first assutncd that they were merely accidentally prc'scni on the 
cat-tail heads, hut closer examination revealetl that the bugs wciv fcodinir 
on the dry seeds of the lu'ads. 

The nymiihs obtain their nourishment by thrusting the stylet' of ihcii 
beaks into the dry .-eials (Plat<> XLIV, and During fccilinn, pip 

long labium is often folded back uiuler the body. In just what niaiuici the 
bugs :ire able t<j ('xtrtict nourishment from tht' <lry sraals the author h.^ niit 
been able to dctcrniiiK'. When crushc<i on tlu> slide :ind ('xamined umliT 
the micro.sco[)c. the seeds show very little moisture. It is \-ci\' pioliKhle 
that the ins(>cts .se<'r<,‘t<' a liuid which dissolve's or predigests ilic lirv fiiml 
material befort' it is taken into tin* body. Tht* tiulhor h;ts siiccccilol in 
rearing nytiiphs to the tidult stage on these' dry hetids of cai-iail alniir 
with no eethcr food tivallablc Wlieui place'tl een the* grt'e'ii leaves ot ihr 
cat-t;iil, the nymph' iti'crt their beaaks an<l ft'cd. 'riie-yarc e:tsil\ ili'iiiiind 
while fce-cling on the 'ceil' ill ihe l.ilior.atory. .\t the slighlcsi pioMicatieii 
they ri.M' up t>n their hind h-gs, epiickly e'xtract Ihe'ir stylet', ami, I-,' 
means eif their front legs, -troki- the slyh'ts back intej the labiiim Hn' 
labium is the-n fohled into phtee- anei the nyinjih r>*tri'ats te) some 'hi lii'ivh 
plaee. 

The whtU — .\dult' were founei mating in May anei ,Iune'. Ihe feaialc 
in.se;rts her ovipositor into the male- anei eaepultition lasts from 'i\ mi"' 
minutes. .Mating is ri'jM*ale'd a nuinlH'r of timi«at intervals ol Imin hu' 
to ten mmute-s. 


Dencriplion of Ihf- a 
Thf' f<j(j tPlate XLI\', il) 

I>en(^h nan to 1 mm , (creatitit diameter 0.2fM)..'J0 mm. E(W elon({i‘t'' ' • 
tapermg rorLtirlr-rably at the fKiHterior eml, and ehiacd by a cap at the anterr r 
cap with a cfine.stiafK'd proliilxTaiiee in the rtinter and nurroeinded hy a "le '■ 
spineia. Ifm up(xT Iw'j-tifth.i of the eie* finely rerticulalcd: the lower three-litil' 
tudinal wavy ami hranchinie ndRex. (>>lor lemon yellow at first, turniiiK 
the nymph emeriees, Empty e|y{ ntw'll white. The ewt cloacly resembling th 
tail, both possessing caps and very siinilar markings on the surface. 


1 III 'llJl*'! 
nil 

1,1 hiiiil'd 

Aith I'lW 

hr.iiM r-<l 

1 Ilf cat- 
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fhi lir.^-stage nymph (Plato XLIV, 48) 

Length O N)" ititii.; Krratost width, across winR pads, O.L’SO iiiiri. I,ciigth of antenna 
fli'S mm When first cmiTKinK from tin- cr(», the Kcncral color of the nymph bright red. 
Kvps rariiiuic rc<l. Abdomen, vertex of head, ami lateral margin.s of the body, of a darker 
color than the rest of the bmly. Thorax, front of he;iii, antennae, and legs, of a light yellonnsh 
color Se\eral hours after hatching, nymph of a ditTerent apirearance: Hi'ad, thora.x, and 
tip of the abdomen very dark rixl, alino.st brown. Abiloincn carmine, mottled with yellow. 
Legs and antennae greeni.«h yellow, the antennae lighter at the joint.s. The epicranial suture 
and the median dorsal thoracic line lighter in color. 

The SI omd-stage nymph (Platt* XLIV, .jl) 

Length 1 .'i mm., greate-t width, across wing pads, 0 .W mm. Ix-ngth of antenna 0.575 
ram. (ieueral color carmine red. Head and thorax ilark risidi.sh lirown. Intermixed with 
the red color of the alxiomen, many yellowish blotehivs. .Vntennae chirk red, lighter at the 
joints. Rostrum somewhat lighter than tin' rest of the head. Mpicranial suture and median 
thoracic line pale. First thoracic segment uniformly dark, in the .second segment the dark 
color restricted to two rectangular pati lic.s; in the third vgment the darker color present 
in two transverse lines. The dorsal glands showing as short, brown, transverse line.s between 
the abdominal segments 3 aivl 1, 1 and and ami •>. 


Till thinl-sliiijr nymph i Plate XLI\'. .V)) 

Length O'*! mill. : greatest width, across wing pads, mm. I,englh of antenna** 0.60 

mm, Gencr.il color a little darker than m the prcctslmg stage Head nmformly dark 
brown, except for the lighiiT epicratiial suture and a lighter si>ot on the rostrum. Head 
and thorax coverisl with faint white pile. In this stage the pro- and mesothorax uniformly 
dark brown, with the dark patches on the iiictatliorax a little wider than m the prix-eding 
stage. Till light median line on the thorax prc.scnt as in the previous .-lagi's. The mottled 
appearance of the real .and yellow color of the alHlomeii more pri.nounctsi in this stage, 
borsal gl iiels more plainly visible. Wing pads jii.st iM'gmning to show Kntire body more 
hairy th.wi m preceding .stage.s. 


T'he jinirlh-sUiijc nymph (Platt* XLIV, I'.t) 

Length J , 1 mm.; greatest width, across wing pads, O.OSO mm. IcOngth of antennae 1.04 
mm. Lol'ir of hc‘ad ami t horax dark brown, Kpirranial .suture* and imnlian dorsal line of 
^orax light reel. Rostrum of head with a short black longitudinal line on each side. 

yes carnniii; red. Antennae slightly lighter than head and thorax, miicli lighter at the 
jmnts. ItcrMHii of prothorax on each aide with a blackish, Inangnlar, Iransvorsi’ spot, as 
the ^ 40. Wing pads extending 5 mm. beyond the posterior margin of 

whit"^^ ' ' tnottli-d color of the abdomen much as in the priTcding .stage. The 

, head and thorax thicker and more plainly visible Ilian m preceding 

itgcs. ! i,,rs;il glands a.s in third stage. 
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The fifth-stage nymph (Plato XLIV, 51) 

Lenirth rnm.; ^oatost width, across wing pads, 1. 01 mm. Ix-ngth of antruim | 
mm. The general color .similar to that of the previous stage, hut the liead and tlmr.o u.m 
distinctly patterned. I-ipicranial suture as m previous st.iges. The part of 
of the epiiTanial 'Uture uniformly d;irk rest. Uo.strum yelimvisfi with hrown l.nr. 
side, which meet behind the rostrum and then diverge outward until they join i|„ |,r, 
border inside the epicranial suture, thus prmlucing on the head four >ell.,wish 
sepiirateil by the brown lines in the shapieof the letter X. Prothora\ dark browii_ pijj, 
with circul.ir >ellow spots. From tlu-s,- spots, short white hairs .irising. Trii,s'..rH .Ig; 
bands on the prothor.ix, :vs indicatol m Plate XI. IV'. .'il. Ki-st of thorav, un indiin win: 
pads, dark brown. The stirf.accs of meso- and metathorav and the wing pads imiirt if ivitl) 
velluwi-h sp,its, le.s.s numerous than tho.se on the prothurav, however. The b.ois i,f tl»: 
wing pails indieatesi by light-colored, diagonal lines. The margin of the entire tlier',\;inj 
wng pads of a blackish brown color. Wing pads reaching to about the middle i.i ihi ilurJ 
abdominal .segment. .Vlidomen colored much as in the preceding stage. 


TIa adult Pluto XLIV, 

Female, length o. 1 mm . greatest width, acro.s.s the prothorav, 1.') to I ti inm Leia'ih 
of antenna 1 7'i to 1 mtn < ieiieral color dark brow m.sh red. Posterior in.irgin nl bji 
and area around e\es arid ocelli blaik. .■'ides of rostrum black. Basal segment ni eitiiiin 
black, s»-cond arid third segments of antennae yellowish brown with fuscoiis at ile li.i-'' .luJ 
apiei-s, and the fourth .-egment ilark red Head and thorav thickly ciAend uitiMbrl 
puncture.s Pronotum with two wavy trarisversii dark bands near the anti nor m.iriii 
Corium pale yellowi-h brown with two black s[>ots on the di.-k and four black -pots mi tin- 
inner lower margin, I/-gs redilish brown .Vpieal s.igment,s of tarsi black. B"dy oi'fri’J 
wuth a very fine white pile. Male .'lightly smaller than femal- 

Siphocaryia nym phamr luait.^ 

Siphejcoryne nym]>haia» Linn , flin n-tlilisli lutnvi. irliim uphi'. i' 
in nniiiLcTs nn cut-tuil ilurinn lire spring iin<i ntiinnifr. I lu' 'pc'i'' 
al.'O iisfa titlicr Witter pltini.s u.s it.s summer lio.sis, .siii’li as NmhiiLh' 
Pnt.umoireton, ;inil nthers. The uphids tire found on lit'' suit I' l ' "l 'li' 
leaves from the .'heath out to the tip of the le.'if. Tlie wrU' f olcii'' 
this '[jet-ies on T'lpha laltfalia at Ith.aea in I'.IL'), lOKi, tin'l I'd"' 


Aphmavi nnr Ftih.'' 

The author fournl Aphis nrennr f’ah , the oat aphis, in lai'r'' 
feetlitifr on eat-tail, duriiif? tlie spring and .summer of 1917, at 


iiiiinl"’'''' 

,:iu 


DptPTmim^l by I)r .%f Pal^h 

* by J J Davw 
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Kansi' Frot|iiont!y the yoiinj; aphids wito found hohind the sheaths 
of the loaves, in the gelatinous material helow the surface of the water 
in which the pltints were growins- 

Rhopnlosiphitm dianthi Schrank 

Uluipnhi.npfmm dianthi Schrank was reportei! on cat-tail by Sanborn 

liKHli 

Rhopalosi phnin pirsicat- Sul/i. 

RhnpiiJodphitm prrsinir Sul. was reported on Tijphn Intifalin and on 
T. iinijn-'-liJiilia liy Wilson and N'ickery (1018). 

Aphis (jas.typii Clov. 

Aphis ijossi/ pi i rihu- is found in snudl numbers on Tuphn latifolia 
iliiniifi till' sjirinj' and fall, accordinsi to Davidson 1 1017 .ti.')y 

Macrasiphuni (jrananain Kirby 

Miirrii.-iphiu/i (irtuiariiiin Kirby, thi' iiniin ajihis, is found in great 
imiiiliias (111 Tvpha durinii the summer :uid fall, according to Davidson 
11117 IM 


II ijaloptiras antiKlinis Fab. 

f/z/o/.//,/, iirinnlinis F.ab , according to Da\-iiison finiT'O,')), is fmmd 
'lein Ipiil Id .IiiiK' 'I’he infestation on cat-tail is never l.irge. There 
■lie fiiiii :■■ I,. I, |,,,|^ .\plu'l.s settle mainly on both side.s of the 

hl.tilos, Idcaiiiiir ill colonics^ usually not far from tht' tips. 

HVMENOPTEU.V' 

P 

"■I sp. cH,^ ,,f p;i|-nmiti,. Ilvmenoptera were reared on insects which 

"■ei-e PmiMl on cat-tails. 


Ah:,.. 

bn Ain,(| 
‘ I), ■. 


Alriodis inlvrnu'dius ('ress 

"ti I'incdiHs Cress was reared on larvae of Arsihmrhn aVwirnosa. 
I-. 101(1, six spt-cimens emerged from one larva. 

‘ ^ * !• W. MucBobcok. 
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A pantales cinctifonnis \'icr. 

Apanlalcs cinctifonnis X’icr. was roarod on larvae of Nonagrin oblongn 
A nural:)er of specimens emerged <ni August S, 

Elachtrtinae sp. 

Five specimens of Ehicfn rtinm sp. wt'i'i' reared from a larva of Lumnmcin 
phragniitella. These emerned on Jihk' la. lOltl. 

I'linpla inilagiitrix Walsh 

On June S, Ifllt), several 'peeiincn-' of Pinipla imlaqatrix Walsh enioiKcd 
from the heads of cat-tails which had lici n kcj)! in a covered jar in the 
laboratory. 

I’linpla I inpi tsitarn lla 1). T. 

fseveral speeirtiens of I’impla inqnisitorifUa D. T. were reari'il from 
pupae of Arsiloncht alhaci-nosa. 

DIIM El{\ ’ “ 

The foliowini? flies were reared from cat-tail. 

I'lntgchirns ipiailralus Say 

PIntgehinis rptailnitns S.av w.as re.aied from the heafl.s of cat-tail Tl'*' 
larvae were notiied in e.arly sprim; in the overwinterinj^ cat-tail lioui.' 
Many adults enieri'ed Iwtween May ’Jl and .lune 10. 

Macrosargns rlari,-< Will. 

The larvae f)f Marro-argii.-: r//n ' ^ W ill hv<' in the btirrows iiia'li h,' *1'* 
larvae <>{ Arzama otilnpia Walk or of Sonagria ohlongn (il'oli H*'.' 
winter ovi-r in the larval staue, and the adults emerge in Ma' 
early June. 

('hnrtop ai ai nmr Wind. 

The larvae of f 'lun topxix aimai W’ied also .ire found in tic ^ 

(if A rzaina otihcpiii W alk and of \ unagrin ntilonga ttVaU' .\diih ' "i 
on .\imust H 

by Dr. I 


a Ttw- fir^t thr**#’ wrrp ti> t>f O .\ Jr>tianrMcn. tiw! la"! anc 


I, TutIuU’ 
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Stumiia nitjriia Town. 

StuDirni nigritn Town, is a parasite which was found living in the larva 
nf Ar:aiii'i nhhqua Walk. In each of the two instances olwerved, there 
wa- I'liK line parasitic larva present in each of the larvae of Arzama 
ohlninii Ikitli dipterous larvae einergial from their host on March 25, 
HUS, iliiDiiali an opening which was made on tlu' ventral side of the 
first thniacic segment. They pupated on the following day, and one adult 
cinrigcd n,; .Vjjid 9 and the other on April 10. 

Fnun an ecological point of view, the insect inh.alritants of Typha may 
he-t he coiuideu'd with resp(>ct to the p.art of the plant they affect. 
.\r('(inliiigl>’ they are thus cl:issifi(>d in the following jiages. 


i.vsKCT imiahitants of the iiKvn OK rvpu.\ 

The iii'ceis inhahiting tlu' head of Typha include, among the 
I.e]iiili)|i)era, LiiiniKU'CKi phniijnnti Iht St.aint.. Diriiiiiiihiiiiin juliiinalis 
Walk, .l,'i/e/;.v tduii Walk.; and among the Hemiptera, Iischnor- 
n vf ihi' Panz. 

111!' Wink Ilf /,. jihraiiinitcllii and />. jiilKinnhs i- very ''imilar. Each 
ii,e (iiie gi'iiei'ai ion a year. Tht'ir early larval h.-d'it-' are almo.'^l identical. 
I''(‘'l lii^i oti the tender styles of the pistillate llowers of tlu' cat-tail 
h'i\ing till’ stigmas to form a covering over ihi'm-elves J.,ater, 
.' aiU.inee deeper into th<‘ head and feed on the seciP ami other parts 
di( tiniiiiijr vpike, lloih overwinter in the half-grown larval stagm 
" hie '|iiing heforc pupation, Ik.wcvit. their halnis hceoni' somewhat 
, " ''' ^htiiy of the larvae of />. jiiIkiuhIi.'- hore into the rachis of the 

1'"^" " ’ I "T transform. 'Plie majority of the larvae of /, phnujinUdld, 
*' "’"'I, ary, remain in the ]>appus of the cat-tail, where thev iiupiife 

111 


Ilf 


I'hnv 


"|i\eti cocoons. .\ few of th<‘ /, phiiifjinili Ihi larvae migrate 
The'' ' "f Ike plant, where,! hey hore into t In- stems and transform. 

'l 'y ' "* '"’*k J<I>ecies emerge a! aliout the same tim;'. 

| I ^IH’cies of world-wid(> (list rihul ion, w hill' /) jiiliniujlis 

, 1111 ^ ' y' icslric|c,| to the Southern .States, though it is found a.s far 
''ork. Of phrinpuitdln llu’ writer has found as many 
11 , y ' ' '* ■‘'"igli' head, whiU’ of 1 ). jitliniinlis In' has never oh.served 

01 eight individuals in one head. 
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Both of those inserts are well a<lapt('<l to liv(' in th(> lieads df cat-tdl 
Both spin an ahinulanee of >ilk \\liei-ei)y they ti(' tin' iiaiipu- tn'rithn 
and keep the head from h('inu torn and llw' ^('eds from Ix'inir 'I'attpiif] 
This proeess of t_\'in;' tin' i)a|)|ms toiii-tlier assures ilic larvai' nf ivtaininir 
thi'ii foo<l supply and also fiirid'hes iheni a piuteeted and shrlti inl p].,,,, 
forpassint; th(' winter. I). jiili'iniihs, howev('r. heinira li'ss hai’ilv 'inithi.n, 
form, was unalih' to '•tand the severe (emper.alure ilui'in”; tlii' wmti.i 
of lhl7 IS, and .'dl the larv.ae foiiinl in the T\'plia heads that 'piin.r 
wen' dead. 

Arriup'i tih-^iili t'lrm 'hoilld pioli.alih’ I'e l■l.■l^sitil■d ,as .aii ineideiii.il tVokr 
on eat-tail. It i' .a typii-.al li'.it'-roller, oeciirrine etiielK- eii ^t 
])lants. HoWe\'er. onee the l.il v.ie liie.ite (iti the he.'id i)f the r.il-tai|, 
they '[H'liil the eii'ire l.arv.d p'-riod there :i>id ti.an't’orm to ihi' piip:i; 
sfaue on till' pl.ant .''ini'e ihi'O' .iie thiee eenef.at loii^ a Near. |i i' vrn 
prohtdile that lieN'er mole than one treiiei :i t ion 1^ p.a'-'eil oil r.lt-I.'lil, fill’ 
t he^e ili'ecl.' teed only on the tend'-r '*\|e' ol the pi'llllate lloUel'-, aid 
a« tho'e 'oon drw up, the later e,.|io|,at ioii- Would not he ahle to tilul till' 
teialer fooil they relj-li When livint; on the 'trawheriw pi, nit, tlii'-r 
larvae roll tin msel \ eS up in a leal lor pi ol eet ion ( til the he. id III I ,ll-l:ill' 
they proteel theln-elve- liV lyile/ the -lieini' loeelhel undel'liealh \Mlll 
a liniiiir of 'ilk, thu' forniitie a eovi r iindei whieh lhe\- li\-e while iVeiliiiL' 
on the 'tyh-' ot fin' tlowef'. When pi.nid in a I'.'iee with rat-i nl IimVis, 
the larvae prepare a eoveimir lor iheiii'elNe' hv I villi' IW'I li .I'.'e- lin'rlhi'l' 
iiinl er.awlini' U'tueen lln-m \t the tiiin- of pupation thev tie .1 leal tn 
the head of the pl.ant and thu- ohl.iin llie proteetloli nene",iiv liill'li''- 
tln-ir traii'forrnalion 

In the 'print;, the temah-.s o| / < /one ( 7 o/ee/o;.^ ri ■•■Ill'll' depo'll tin II '-It' 
in the old. downy head* ot tin- e.it-tail The ei;i;s elo>el\’ re'i iiilile tk 
sf-f-d.' of eat-tail and thu' are well protected from enemies, Iniini iliaH'l,' 
after htitehint;, the iivmph' hei;in to feed on the 'ceds ol the |il lilt Ik' 
thru.st their iM-ak' into tin- dry .s*'eds and tipparently obtain linn imiiii'l' 
merit hy injeetini; s.aliva into the 'leil', which di'Solves the -olnl iiintnin 
there so that they I’an .->uek it Up into the Iwidy. The eiili'e iiNMip'' 
.'tai;e is s|K-nt in feeilini; on the dry seecls, a verv remarkahle ami i '' ii 
.‘idaptat ion. Due to the work of /, iihnnimih lln atnl !)■ jn' '' k ' 
sei'd' of iiiaiiv of the old head' are kept from la'iiiK sealtered h\ n " ^ 
.Storms, and l.'iiliiuirihi/nilni.i ri^oilm .simply takes udvtinla-’ 
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It insorts its o^Rs into the pappii'^, whoro they are hidden 
fnmi :il! oiioiiiios and where the nymphs find an abundance of food at 
h;iiul uliii'h i' not eonte>ted by any close relatives and which, indeed, 
j. u-eii liv few otlier ili'Cets. 


I\>i;( I IVIl \IilTANTs OK THE LEAK OK TYPHA 


The inhabitants of tlie leaf comprise' two cla'-^es, tlu' >urfae(‘ feeders 
the leaf miners. TIk' ^urfaci- feeder-; incliKle, anioni: the Lepiiloptera, 
_[:\iliiiicli( alln)t( Niisd, atnl anioiiR tlx' lleiniptera, tin' .Vjihidae enumerated 
(111 paue -lOl. The mo.'t common of the surface feedeis is the noctuid 
eitei'pillaf, .1 iilhiirciiii.'-it. It i- a LU'tieral feeder but i-; very commonly 
feiuiil on eat -tail. The eyR-- ;ire plae<‘d on the ujjjvr part of the leaf, 
:u]il tile hirvae, a' soon as haicliecl, feed on the leaf. .\ leaf thus infested 
Ini' the aipiearanee of haviiiR been skeletoni/( d. .\fter they yrow hu'Rer, 
the larvae iHRin fiaaliiiR on tiu' ciIrc of the leaf, where they eat out lai'Rt' 
'eetldli' 


rile 'picic' of aphids mentioned on payes o(H)-,')01 may be clas-scd as 
leeilei' on the li'af, alihouRh they occa.sionally feed lower down on the 
'felii and 'll! alli' of the plant. 

Iheli'.it niitiei' iiieludi' .-l/Tm/tu Walk, and Xonagria oblonga 

dmte Tlie-e twonoetuid larvai'clo not rc'triel theiii'elves entirelyto h-af 
iiiiiiitiii blit they beyin their larval life a- leaf miners, later bocominR true 
bniei’s, .MiIiourIi the two ^|H‘eies ai'e related, their habits differ 
-'''■atl\. .1, iihl (jiia overwinter' im a larva in it' burrow in the cat-tail 

. wlieieas .\ . ohliiniin apparently pa.';ses the winter in the crr stayc, 
ay' III . 1 . i,ljli(jii(i ;iie laid in tlie spriny, while tliose of A', ohlamja 
Pl’aL'iitly laid in tlx' fall. I'lie youny larvae of .1. o'jliqita burrow 
yieyaii.Hi-b . imi )],p _Y. iihh'iiijd are solitary minei's. The 

"* 'k' ir mines, too, is very dilTerent. ,1. alihqini advances down 
!'" '''"ineb of tli(> leaviny tlic lonyitudmal ]iartilio!is of the leaf 

'I'l only destroviny the I’ro.s' partition', while .V. e/i/e/n/n produces 
bloichmine by ziyz.iyyinybaek and forib in the leaf and dost royiuy 
' loiiyit iiilinal and tip' transversi' partition-;. Hoth sjxH'ies feed 
"" die eliloroplivll of tlie leaf. When ri'ady for ilu' lii-st molt, 
/ "' 'lied' its skill at once, riylil in the mini', near iIk' liealthy, 
"'d, siieciilent ti.'sue of tile leaf, but .V. e/i/e/n/n, when rcaily 
" ' laolt, lirsl severs the eoiuieeting ti.s-'Ue of the leaf in order to 
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produce a drier situation in which to cast ofT its coat. Thi.s \.iiiution 
indicates that .1. i.s Ix'ttcr :idapt('(l than .V. ohlonga to live in 

inni<t or wet situations. A ctuoparison of the tracheal .sy.'^tciii- of the 
two larvae shows this J'et more clearly A. iihliqun lias the 'pirack 
of the eiithrh abdominal segment located on the dorsal -iiii.nv and 
tiiey arc more than twice the 'izc of the other spiiaclcs of thr hoily 
nircctly attached to tlc-'e -piracies are the two loncitudinal tracheal 
trunks of the bo.lv. .k'itment of the ,ab<lomcn is liattciied doeally 
a.~ to le oidy half a- thick dorso-ventr.-div a- the other abdominal M-incnp. 
thus makinti n-nn for the l.anrc -pirac!.’^ on the eighth segnieM. This 

allows the body of the larva. to !»■ .almost lailircly submerged in !!,■ uatcr, 
for a- long as rh. -piia-d.- reinc.in above the Mirface it sufier- no Iwnn 
The traeln al -v^toin of ,V. ..k/.e-.y-i ha> not undergone any .'Udi iiio.lilica- 


tion-, ho\\(.'Ver. The spiracles on its eighth abdominal -egn,. nt are 
l(i<- ated in the natural po'ition and are the 'nine d/.e as the oihei aldnininal 
spincle,-. (.'.aoLTiUently the laiv.i is lik.-ly to suffer harm if ma. i. uater 
gaflcT-. in the biinew. as otien o.viii' ill Wet situation' Tic l.irvae 
of .1 nni'in in the hat of Typha only through tl-e Pic I'etar, 

uhile the laivii <,f V lAlnii.jii often remain in the leaf througli di" -oind 
and even ih" 'Imd ii -'ar. The na'um <.f their mining habii- unv hwe 
mu'di to do vCi'ii I)!.- .iitTerenee, .1. '■hl'i/nn does not de'tlo\ i'c IcMill- 
fudin.d (inanioi,-- of ih" .at-tiil h'lf. and eon.-Mspn ntly mu-' a. i ''W 
aft. r it' tir-f inoh on .ll■colInt ot i' ' imaoa'ed 'ize in fin . o , i 
A'. I'hini.qii, hov.iff. en'~ tlio.iigli the pai'iiioiis in any dire.aa'’ I'iii'U 
i, nil!.- to o-mdii it. the le.af f'.r a longer ixaiinl. After Icavinif the , 
Ijof h i.ii'v.ie 1). . oine .'olit.ii y ix.rcrs. in the .stalk.s of cat-tail. 


IN'E.-r IMiABITAMS Ot THE .ST.VJJi OF TYPIU 
Tlie ii'-cct- '.'.Inch work in the sfalk.s of the cat-tail inchidi b' ' 
of the I.e[>idopt. ra, Arznitin iJihqiiti Walk, and ntKtqnn eh/'" ^ ^ 

.arid the ( 'oli oijO r.i , ( ‘thmlfii itiihnnr ()liv. and Auldiis pnuil' ^ 
Vfter the I irv.;.- »tf .1. olihq’in and A. iMnnqd leave fh< im 
le.ii, 111 . Income -tem In.r-rs, 'I'heir melhfxl.s of cnteriiig dc 
Miv -imil.ar Pofh are frefjuentlv found feeding for .a tiu^' ^ 
'h-.do of 111.' (inter leaves of the plant. From the .sheath " ^ 

b.,re directlv into the stem or enter from Itetwt'cti the IcaW' ^ ^ 

bundle. Both work their way to the Center of the plant an" 



I'vi’HA Insects: Theih Ecological Relationships 


507 


the wIh'I'' ill*' tender ik‘\v tissiu' foriiiinti. The effect of their 
\v(i’.'k OH die iilant is very similar; the central loaves of the leaf bundle 
die and die plant fails to produce’ a fruiting slalk. 

ji: li ! mi.r, tlie wf'evil, he^'ins its larval life as a stem borer, later 
lircdiiiiiia a borer in tlii“ rhizome of the plant. 'l'hi> ejins of ('. pertinax 
;i]v iieniid into the sheaths of tb(‘ plant, near the firountl. The newly 
hatdied l:ir\ae bore to thi' center of the stalk and hollow it out just above 
the riown. tints arrestiii}! ilie further growth of the plant. After feeding 
oil the tindei' tisstie at tlu' center of the stem for some time, the larvae 

piilei the ilii/otne and there on the more '-ubstanlial starchy food. 

When Inll-e row n, the larvai' rettirii to the .-talk atid there form a pupal 
chaiiibei 111 which the tran.-fortnation takes ))lac(' There is only one 
R'lieintioii 1 he larvae arc' ordinarily solitary borers, idthough as many 
as seven larvae have bi'en fotmd in one plant. 

l.NSEe t I.MIAlil I AN Is OF IHK UllIZO.MK OF TVPMA 

llie iiiliabiiants of (he rhi/oine are the ( 'oleopteni, ('iihnfira pertinax 
dll' aiid pi'oiiably pnnrlirdlhs |,ec The larvtu' of ('. j)erttnax 

d''d duMiie the major part of their larval period on ihi' starchy core in 
the ihi/oiiie o| (ho |)|:in(. Ify first tunneling out the center of the stalk 
'''"">11 III till- plant, they prevent the formation of ninv h'aves, and 
111 till- \\n\ (he laiwae caiiM' the .-taich to remain in the rhi/eme for their 
iiiitiiMn :ii wlmdi would otherwise be u-i'd up in the growth of the plant, 
j" date- iiheady foianed are left tinilist nibed to tnanuiacture and send 
ewii inoi, -imeh to t he rhi/onie. \'cry likely the habits of A . pnncUcoUts 
^ii'iibi In (hose of r. patnaix. 
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PL.\TE \XXIX 

TVI'IIA LATIHn.U 

1, Sterile seed, showinx Urxe “uo «.( ix-rii Atp r*Ttilf‘ seol. (The piTu Arp t.t' d"-rh 
over the kernel. t .J, or k>T!i>-l. railin'. lr'’iii [xTn urp. I, I’'.nil)r\i) pri'tri.il'.’.; ’lin'Jth 
pericarp, j, .''ame aa 1. wi'h ix-rnarp r> ii.o-. •■•I i>, ( iruu-inx eiiilir\ n a' it .uii" .i.'- "h'n 

removed from -x.-ed. 7. KmKryo p'l'hmx '>|x ii ciip nf -m'iaI. a, lli-iniuiiiix i- rm I'mii "i 

root. 'The arrow inilnat'-, thi ih-vi-lopinx leaf.i 't, h'urtln-r lievelopiin-iil "i \ - . ij plai.t. 
(The leaf ha.^ protnidwi and root hair' have develofx'd on the root.i I'i, ^ " I'u |il.e';t "Ht 
three leaves and ttiree r'xii-., -hooHix di'iiitegratiun of lip of lir-t leaf, wie f !• .• T"- it-«lf 
from the seed 


«10 



MfM' !■ 


Pi^Tt; XXX IX 



All 



I’l V\\\ \I. 


TYI'HV i\!^SJ)KV l'>RriS\X 

T ''./i/' M . ^ r- 'ti "! if.-ii ij. ( ’ri >'•■» -n r if ;i ’'UiaII p^rf '•! 

ii*£f rij' Iff 1 I. ^ . 'I - . I r.'i' /■ •!!.• P'l'-' i 's lUi h i^r ii ii- M )< irtu.inf "* .i- '' 

-tf IJ * iiLif;:' 'I '■» -\i>‘ -v -T--' * .r- •-! • pi.l.-r'iu', » hlMf-jtli-, II, -upp.iff'dii -i! 

Tr. ('*11, i.f r!.t"-rn‘ p^rUv {iU.mI ivitl, ^f^r' h irrAHts f.r<<ui:.. 

In, S'. ,v 

I - r,„- ■ I.., 1 _r^ 17^ U. h‘ vMl of .‘at-t,'iil. I't, 1 

‘ f't • il '.v<irk 70 , N'l'wlv hatflinl hir\.k 
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MhM"H‘ 1'’ 


Plate XL 




PI V I I. \I.l 

AP./ \ \H IM',' I'/' \ 


21, j.’. ’if.. I P.;’i Jl. mi ' i' )'■ inip 

L,i r,;> 1 1 ' •! r ,i ,••■1 il"i v' ■!.’ 'i.- I'll- I'lf •• i', t hui i i i ■ ' - ' ■ iif 

. f ' !• i’ 'A ,P'. ' .'.I i-', -!.■ .1 1.’,. : . i.'.'i ' h'Mi - 

.7 i' i! i . jr VI ' r-.i-- I' ri'i/ ! .f. i' m 't lik . .,t ,'.it-i,iil "... . ^ '.rij 

■ .<). 1 ) T'.il . ’ I I'.ii vi ■«v'Tii't;t.- 1>: !.kr. i. [I'l'itiiiu nl sjjir.'n’!' "’i' 

-'Ui.'i'.* .;i, !ri.:.' .thw i, l.irv.i 0!il;, tin' lir-t i'n> . |’■..|-'lled 

tfAi'il'Ai fit" ' I" -h'-A.'i III If- ••Utlf !>•IUtll 




PL\TK WM 

LTMVAEri^ PHIt\OMITLLLA AM) M)N\i;RM tmi.nsr.v 

Lyfnnri^rin phrn/Tfnil^H'i- ■V2. F'lll-grown lin.'.'i .'U, Pup.-) of uirlilpa’ 

turnf^l a.’^icie to «how wh<*ro larva** ha\»- m, pr*'j)ar.itory t * pu[)aM'j'i 

.\i/na^jnn ohf/^rofn Pupa ^'at-^aii pl.iiit ‘•h'-witti; \\*>rk ()f ! ina*’ I ''•• lir-'-'t^ice 
lan'a^ havp rut tho loaf A rnup* apjM af" aU** ui t t.iitrr * li* v‘ S -iT. ( ‘ it •’ iil i* 
ing Parly l&rs'al work. (The arrow {>outt.n to the ^kiu ol l!ie lir^t luoit in ih- 
mine ' 




• I’l.ATi: XI.III 

Ml » Mm IIMI \ JI I MS >, 1,1^ 

3S, Ejof- It<-»iciilatiiinH mi -'irt'ai*- nf ••l'-' tO. \i-«Iv liatihi'il larva, tl, 1 .'1 i;rHSii 
larva. 4J, .\xi-i I'l isit-iail l.i.wl • a> "|i> a !■. -ti'nv lari.il (.i. .\\i' n' .• ' i4 I, Mil. 

ehoMTtiK op*-ni(m nf Unal tiumfl-i. It. I’.ip.i 1.'.. f'r. ii'>ri of l|l■Il'l "f i.i'-' iis -t.'iums 

location of cggn ' mdiratcii by n.. 1»>. Liopty i-iri? .lin’ll aftir l•tll(•r^!l•Ml o ni l.if. i 



MFM'iin 


Plate XLIII 



<19 



iM \'i i: x'l.iv 

i-f it\oRuicy\. nr^ Rr».rn\K 

47, Egg. 1-'^, FiT'i-'tag*' fi>fii|)h. I'V i‘«)«irrh-^t.icr nyrtjph '>0. Thlr'l-'’ k':'" ir^nip*!. 
ol, SocoriU— Tag»* fivffipfi A'l'ili .*> 5, I vk • [!i 

sert**<i in ot •>!, uyjiipli. OO, 1 ii)ii.|'li iccain^i vta .'c^d 

of cat-UiU 





ri,ATK XLV 

TTPIIA LATirOLIA 

56. Two plants connwtsd by undcrp-ouncl rhizome, showing also new offsets at bases of 
old plants. S7, Two pieees of rhizome with outer covering removed to .show the relative 
size of the central starchy eore. .V>, with part of the upper epidermis reniovoil to show 
the structure. .W, Cat-tail heads as they appear in late fall. (The one on the left is infested 
writh the larvae of Li/mnafria phTOfyntltila, the one on the right is umnfe.sted. i 00 , Cros! 
section of a rhizome 
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Plate XLV 
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PLATE XLVI 

AHSILOVCHE ALBOVESOSA AND ARZAMA OBLIQUA 

ArnUmchf nPxnfnosa 01, Ehrs. *L’, Ijkfva feeding on cat-tail leaf. 63, Pupa. M, Adult 
Arznma Mv{ua -. 65, Egg mass. <», Full-grown larva 







ri.ATK XI.VII 

NONAORIA OBLONUA AND AHC'IIIPS OBSOLETANA 

Xona^n ohionga: 67, Full-p’own lars’a. tiS, Adult. 70, l.arvii iii tunnel in i-talk of 
cat-tail. 71, Pupa 

Arrhips DfMoletann: 60, Young cat-tall head showing larval work. I’llie ooiering is 
pulleil a'lide, revealing the head of the larva underneath.! 7-’, Young cat-tail Inail dienmg 
larval work. (The stigniaa of the pistillate Howers are tied together to form a ciivermg 
for the larva. 7d, .Appearance of cat-tad head after wind has torn oil covering made by 
larvae. 74, Pupa. 75, Adult. 76, iairva 



•W* ■- 





PL\TE XLVIll 

CALESnRA nJBTIVAX, DICTMOLOMIA JrUAVAUft, t.TUVArriA PHRACMlTKI.r. ^ \VD NOT^RIS 

Pr.VCTICOLLIH 

CaUndra periinai Tt, Larvae. 7H, Adult. 70, Pupa. HO, Pupa in burron- in sUlk of 
cat-fail 

fhn/tnnlomin juiutnnliA: S|. Adult 

L'fmnfi^rtn phnufmtUU^ : S'J, Cocoons reraoved from cat-tail head* (One w cut open to 
.“how pupa inddr*) 

.Vo/'ini punclicoiiu HA, Adult 




PI^VTE XLIX 

TTPH.V LATIFOUA 

M. A oat-tail patch in July, showinn the lafRc number of fluffy heads wliioh .ire infested 
with the larvae of Lymnnteia phmgmiltlln. S.'>, Ijilxiratorj’ cat-tail head "ti «liirh adults 
of /., phraifmtlrlln arc restitiit. S<i, Nearly mature heatl of cat-tail, showitiK i vuli nee of aork 
of young Iar\ae of L. phrni/milella and LHcijmohmm juiinnatu 
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THE INHERITANCE OF SALMON SILK COLOR IN MAIZE 




the inheritance of salmon silk color in maize ‘ 

E. G. Axderso.v 


At the Nebraska State Corn Show of 1908, a number of odd types of 
corn were gathered together to form a ‘‘freak” class. Among them was 
a “Bronze Pop Corn,” so named became of a light bronze color in 
the pericarp. This ear was obtained by Professor R. A. Emerson, after 
the exhilht was over, in order to study the inheritance of that pericarp 
color. The plants grown therefrom were also characterized by brown or 
brownish silks (Plate LIII). An outcro.ss ga%-e green silks in the Fi. From 
brown-silked segregates in the progeny of this cross, a true-breeding stock 
was again olrtained. This stock was ased in cro.sses for a study of the 
inheritance of ix'ricjup color. In one small Fj of only five plants, there 
appeared three with green silks and one with brown. The fifth plant 
had very brilliant srdmon or orange-colored .silks (Plate LII). This plant 
was a dilute sun red with red ix'ricarp. It Wiis cros.sed with red, green, 
and brown silk colors, and with a purple plant having brown silks. Fi’s 
were grown and sr'lfed to obtain Fj progenies. The crosses with red and 
with green silks gave in Ft red and green silks, respectively. The cross 
with browti silks gave salmon. 


In order to devote more time to studies on .aleurone and plant colors 
and other problems. Dr. Emerson at this jxrint requeste(l_ the writer to 
take up tlie study of these silk colors and their relation to other characters 
in maize. In liis further studies the writer has had the advantage of the 


hearty 


"operation and ever-reatly suggestions of Dr. Emerson, and he 


"idles to acknowledge his .si 


.sincere gratitude for this help ami eiuouragement. 


NOMENCLATl KK 

'■Pt ^ f 

a aitois referred to in this paper, together with the factor symlxils 
, are given in the following list: 

Anthoeyanin pigment. A factor pair for pigmentation of aleurone, 
g l'’t''Ves, anthers, and so forth. (Emerson, 1918, 19‘21.) 

"iwn plant color. A factor pair for leaf and sheath ]iigmentation. 
- ^b.inei-son, 1921.) 

Oppartment of Plant BrecdinK, Cornell Univenity, ithnen. New York. 
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PI pi — Purple anthers. A factor pair for pigmentation of anthers 
sheath.-s, f^'ricarp, and so forth. (Emerson, 1921.) 

These* three factor pairs internet to give the following plant color types 
described by Emerson (1921): 

A li PI — Purple 
.4 P pi — Sun red 
Ah PI — Dilute purple 
.4 b pi — Dilute' sun red 
ft li PI — Brown 
a li pi — (iHH'ti 

a h PI — ( 1 0*00 
a h pi — ( Ireen 

O' li" r P — Red aleurone. s<'ries nf allelomorphs afTectiii); antho- 
cyanin pigmentation in aleiironi', sheaths, li-avc's, (y'ricarp, anthors, 
and silks, llvust and Hayes, 1911: Emerson, 191S, 1921.) 

Pp — Pi'riearp color. Tw() of a serif's of allelomorphs for pericarp 
Cf)loration. (Enif'rson, I'.Ml.) Tin' bronze ty|)f' was .s) pale in 
cfdor that it could ni>t Ih' .s;if isfaetorilv distinguishc'd from white 
(colorle.ssi. Only two .symls)Is an' u.sf'd heri'in, P for reil irericarp 
and p for whitf' f>r hn»nzf' ix'ricarp. 

Y ij ~ Vellow eni|os{)erm. I East atni llayt's, 1911; Emerson, 1921 I 
Sm ,sm — Salniffti '■ilk color Deserilie<l in this pajx'r. 


DK.-enil'TIO.V OK SILK I oums 

The colors of '■ilk in maize may U' de.scrilx'fl as follows: 

1. (ireen i Plat<' Ei. Silks light green, jKiler Ix'low husks: var)in?: 
from a pure jirde green to yelhiwish gn'cn. 

2. Hcfl H’l.'ite EI). .Silks gns'ii, jis aljove, with thf' .addition of 
anthoey.aniri [rigment whi're exjxjsf'fl to light. Thf' aniffunt of rol 
merit may v.iry fnitii a slight trace in tin; lutirs. If) siiffifiont in oImii'I 

the green color, giving the silks a flfs'p or flark rcfl cfilfir. 1 h'’ daikii i 

(1921) has 


.silks frfspiontly have .•<ome retl Ix'Iow the husks. Emerson 
shfiwn this color to Ix' flue to thf: U factor. Microseoiric sectioirs 
arithfs’yaniri |>igmf'nt in (M'ripheral |mrt« of the silks 


ihoff 


* Th^ mirT<w.>jnr mrm iJrwprt/M m fttllnmn' PI|n***nr*'*t twjiif *■ 


hff*irn m n 4HKtur»(/<«i woiutt'fn fit mcrryinc ehlortfl* in pirm is ,, 

with'mt wp^rthod ol »n<J ,,iura in 

An/i th^ rrw»»inl#wi m with^t nininiaff from lo o — 

hftvr [jfrov«rt 
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3 Salmon (PlatP LII). Silks liRht siilinon-orange to salmon. The 
olor below the husks Ls similar to that of exfxisod part.s. Microscopic 
pctions show only a faint brownish cast to the tissues thruout the 

Iks. 

4 Brown (Plate LIU). Silks orange-pink to pale salmon or .salinon-buflf 
1 both exposed and covered parts. Salmon and brown silks intergrade, 
irmiiip a eontinuoas .serie.s. The lighter forms are difficult it) iii.-;tingui.«h 
■om the vcllowish green silks of No. I. Both s.almon and brown silks 
lay have red anthocyaiiin pigment pre.sent. as in No. 2. 

preliminary STt niKS AND INDICATIONS 

Previim.s tests had shown .salmon silk color to 1h‘ ri'ce.s~ivi‘ to green ami 
Ira.d partially dominant to brown. Cro.sses of salmon and brown diii 
t give green color in the F|. This was taken to imlieate that the.'s' 
lors were rece.ssive for a common faidor. The anihoeyanin pigment 
eserit in ivil silks was shown to tx‘ inherited M-parately by the wcurn'iice 
all combination ela.ss<*s (green-re«i, gn'en. salmon-red, and .salmon) 
tlw F; of red x salmon. 

From observation of eultures previously gniwn. Isitli salmon anti brown 
lb were known to occur on dilute sun red, on sun red, ami on purple 
lants. Their occurrence on brown or grt'cn plants bad not Issm n'eordiHl. 
licroscopic examination of the pigimmts of iiiai/.e had shown the pre.se'iu'o 
i a purple-red anthocyaiiin pigment i:i piirph*, sun nai, dilute purple, 
nd dilute sun red plants. When the J factor Ls n'ce.ssivt', no anthocyaiiin 
Evelops (except traces in the shank iitul thi' inner luLsks of brown [ilants). 
ttrtead, a yellow or brownish pigment may Is* formi'd. .V similar rela- 
®u holds with the (xTicarp pigments. Hetl ixTiearp color is tine to an 
^ngft-reil or brick-red pigment. Its homolog with rt'ce.ssivc .1 is yt'llow- 
brmvii, similar in ap{K*aranre to the Imiwn plant-color pigment. 
‘'•' quantity of pigment in .salmon silk.s is so sm.'di that microscopic 
■rtioiis gave little information. But the color of the salmon silks was 
•similar to the color of thin s**rtion8 of nal [lericarp as to suggest the 
^ssne identity of the pigments. The brown silk might, it was thought, 
iied'v^ ' birin of salmon. These .suggest ion.s wen* further .stn'iigth- 
ad ^ original snlmon-silkiHl plant hmi n ti ixTicjirp 

‘It the brown .silk.s hud Ixnm obtained from a plant with bronze 
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pericarp. Sections of this bronze pericarp showed a small amount of 
orange pigment. 

With these suggestions in mind as a working basLs, experiinont.s were 
planned to test them. 

.'VN.'iLYSIS OF INHERITANCE 
I nUrrelations of green, salmon, ami brown silks 

The indications just mentioned, regarding the relationshifw of these 
sUk colors, were all checked and coirobonited by further tests. Crosses 
of green with salmon gave grei'n in the first generation, segregating green 
and salmon, or green, sjdmon, and brown, in the second. The distinction 
between salmon and brown w-as not sharp. With the small mimhcrsused 
in these tests, the numlx'rs approach a simple ratio of 3 greens to 1 salmon 
or to 1 salmon and brown. 

Crosses between green and brown likewise gave green, segregating in 
the Fi into green and brown or in some auses into green, salmon, and brown. 
In either case there was about 75 per cent of greens. 

Crosses of salmon with brown gave salmon. The Fj ranged from salmon 
to brown, with .salmon predominatmg. 

The,se n*sults show that there Ls a common f.actor pair which differen- 
tiates Ixdween green on the one hand anrl salmon and brown on the oth& 
This pair is herein referred to as the salmon-iulk factor pair and is desig- 
nated by the 8>'mfx»ls .Sm sm. 

The difference bctwefrii salmon and blown silks is not explained these 
simple tests, tho the occurrence of brown silks in the progenies of out 
cros-ses of salmon, and vice versa, is at least a strong indication of one or 
more mrxlifying factors. 

KeUUion of salmon silks to pericarp color 

In orrler to test the relation.ship of the salmon factor to the 
[X'ricarp cfdor, two serit^ of crosses were made. In the fir't, a 
fterirarp, green-silked plant {P Sm) was crossed with a light 
carp, brown-silked plant (p sm). In the second, two " 
gnen-silked plants (p Sm) were crossed with the original ' jl,e 

plant, which had red pericarp (P sm). The F/s were '.r<|^ 
double rec4»sive. The results an* given in table 1: 
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I. Baekcrossos of P Sm x p .'■■ni with p .‘<m 


Pedigree no. 

* P Sm 

P sm 

p Sm 

P St/l 

Total 

2.5.3~1 

9 

(i 

11 

29 


2.5.5 . . 

.5 

11 

12 

10 


2.56.. 

9 

(i 

1.5 



777-8 

41 

32 

41 

i 1 


Total' 

04 

1 

0.> ! 

79 

1 1 

; 7t) 1 

274 


Obsorv('il per cent of recombinations . . .4S.9 

Percent (xpoctod with iiulepeiulcnt scfiresjation .i0.0±2.0 


II. Backcros,se.s of p Sm \ P sm with p sm 


Pciligree no. 

i r Sm 

\ 1 

P sm 

i j) Sm 

p 

Total 

238-9 

■1.3 

01 

51 

.53 


241 -2 

31 

28 

31 

38 


779-80 

23 

25 

25 

28 


781-2 

! 

43 

40 

.51) 

40 


Totals 

140 

1.51 

1.57 

159 

CIO 


Obvf'i\(.(i pep recombinations . IS. 9 

ei f( 111 exjiected with independent si'jJtregation .oO.Ozbl ! 


(iliseiv,.,! per cent of recombinations is -18.9 in lioth series, which 
in ,i|\ agreement with the expectancy for indepcndiait scgrega- 

"I /' and Sm 


* ' " " determine the possible relation of pericarp color to the dif- 
plu't ^iJRion and brown silks, a light-ix'ricarp, hrown-silkial 

■'■IS cro.sscil with a red-pericarp salmon. This was backcrossed 
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with a lifiht-poricarp, brown-silko<l plant sitnilar to tho one paront Th,. 
silk colors were nated during the suintiicr. It was iin|X)ssihl)' tu make 
any sharp scparatiSis, for tlu* coloi-s varic'd frotii a (l('cp sjihuon to a typical 
or even light brown. The pre.s<'nce of red anthoeyanin pigment added to 
the difficulty, as did also the fact that the silks could not 1 m> noti-d at the 
same >tagc. So tlayv were only roughly (da.ssifical, the i la.ssiticatioib 
from tiiiK' to time not iK'ing entindy comparable. Th(‘ noti's were undcr- 
si’ori'd for a numl>er of gixn! salmon.s and browns. The [Haicaip eulois 
were dctermineil in the fall. rhe result.s are given in table 2. 

TXRt.F 2. U.o KcRossEs or p, .sm .x P srn with p o>i 

Silk color 

Salmon, underscoretl 
Salmon. 

.Salmon—. 

Salmon-brown 
Ilrown-salmon 
Brown + 

Brown 

Brown, underscored 

It wdl \h‘ .si'cn from this t.able that immt of the red-|)ericai p plant- b*'* 
l«en noted .a.i having .s,almon .-ilks, while the light-iiericai p '’in - \oil 
tnostly iioted as leaving brown silks. It is al.s/) significtint that. "I die • 
ca.'cs in whiidi .salmon was undersconal, all had nal [xaii'a'P 
wi.sr>, of the e;i.sr-s in which brown wa.s underscored, .all h;id ligid p'lii tt?' 
Since the .salinoti factor [>air Sm .vn ha.s Ix'cn shown to segicnali t'> 
[KTidently of the factor pair I* p for peric.arp color, this v.ariatinii 
not lx; dtie to the -SVn sm pair. The conclusion i.s drawn that tic m ■ ■ 
of pigmentation of silks recessive for sm is largely a function ot i i' ^ 
sity of pigmentation of the pr-ricarp or of some factor closely 
with the factor for pericarp color. The former view is sub-ian i. 
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by the fact that no sclfod progenies from lif<ht-pcricarj) plants havn ever 
uiveii any good salmon silks, while progenies from na 1-pericarp plants 
have always given som(> salmon silks even tho the parents had been noted 
otherwisi'. No brown silks have laeen found in families breeding true 
for red pericarp. 

IMation of salmon silks to the li ami PI factors for plant color 

Several crosses made with .salmon .silks involved the B factor Both 
F; combinations, B Sm x h sm and B sm x h Sm, were backcro,s...ed with 
the double n-cessive. The results (fable 3) show independent .segregation 
of these factors. 

niiLL :i Hel^tion of .StL-Mo.s Silks to the « .^nd />/ K.^ctors i-or Pkont Color 


I. Backcro.sses of B Sm x h .o/i with h sm* 



Pedigrei' no. 

B Sm 

B sm 

li Sm 

h sm 

Total 

241-2 


■2o 

i t 

21 

3!» 

41 


o9-8U 


21 

i 

l'.» 

i i 

2S 

35 


’1 otals 

4(1 

1 43 1 

(17 i 

7tl 

232 

(•li.vcrvci 
Per ('(Ml I 

1 |>er cent of recombinations. ., 



47 

.4 

‘ ^[>‘‘'‘((‘(1 witli indcjw' 

II. HjU'kcro.N.st 

ndent segregat ion . 

•s of B sm X l> Sm w 

ith h sm 

.50.0 ±2. 2 

, ■ ^ 

Pedigree no. 

1 

B Sm 

1 

B sm 

h Sm 

1 

1 

h ,^ni 

'Fetal 

'71 (1 



“ “ — - *• 

— j ■ 






78 

(12 

SO 1 

53 

273 

Ohs(T\,.|| 

per cent of recombinations. 



47 

n 

' u Cent 

' 1)( c (f (1 so|i^n'^uti()ii 


. .50.0±2 0 
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One of the crosses of the orij'inal salmon-silked plant. A h pi sni, nas 
with a purple plant ^ith fjreen silks, A li PI Sm, related to the hronze 
stock. The progeny consiste<l of purple and sun red plants with gncn and 
salmon silks, showing the parent to have Ix'en hetemzygous for both 
PI and Sm. Two small plantings gave the following distributions 
PI Sm, 2G; PI .swi. 7 ; pi Sm, 4; pi .tin, 2.1; whereas e<juality of the four (■las^ps 
would be expected if the factors wen' indejx'udent. This w;i.s obviously 
a litikage n^lation. The factor PI was known to Ix' linked with a factor 
Y for yellow endosix'nn (Emerson, 1021). Tests of the linkage ndatiois 
within this group are given in a later s<'ction of this ptifx'r, 

RelntiDH of salmon silks to thi' .1 factor 

From an outcross of the original stilmon-silked plant with one' hctrrnry- 
goas for brown silks and for the .1 factor, .sevc'nd plants were xdlni One 
sun red plant was homozygous rt'cessive for the sjilmon silk factor and 
heterozygous for .1 and B. 'rhirty-four suti red tuid dilute sun red plants 
had salmon or brown silks. Two others were first noted tis green but were 
presumably a light browrt, lK)th having white p«'ricarp. Fleveii ynen 
plants appeared, till having gn'en silks. I/iler obssTvatio is on ereeii and 
brown plants of other families segregating for Ixtth a and sm have like- 
wise failed to rev'eal titiy greeti [jlants with ')ther than grei'ii 'ilk-. 11>!'^ 
this is not due to linkage is shown by the linkage of Sm with tic l‘l l.atoi, 
which Ls known to lie imlepi'ndent of -1, ttnd by the fact that tbc ciecn 
plants have green silks in families that are homozygous rece'-iw 

Relation of .vilmon .silks to the R factor 

Two questions of interest arose reganling the relation of > diiien ' 
color to the R series of allelomor|)h.s. I’he first wiis the relatuui "t 
pericarp color to the inb'tisity of colcir in sjdmon or brown silks, bn 
w.'w the jxjssihility of the (x-currence of salmon silks on green pkmt 
the constitution Rf A b PI or /{* /I b pi. .||., 

To test the effect of cherr>- p^-ricarj), a sun re<l with 
.1 H pi urn / , was cnissed with a dilute purple with cherry |»' ' 
green silks, A h PI Sm r^. IfuckcroKses gave a few plants 'ii i 
fX'ricarp and brown silks. They were not noticxjably diffci nt n 
color from the white-fx;ricarp plants of the same families. 
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To test for the occurrence of salmon silks on green plants of the consti- 
tution R" A b PI or Rf A b pi, a dilute purple plant with salmon silks 
was crossed with a green plant of the constitution W A h pi. Two of 
the Fi plants were selfed. Purple seeds only were planted. These 
gave 44 dilute purples and dilute sun reds, of which 32 had green silks and 
12 had salmon. There were 25 green plants, /e* ^ 6, 18 of which had green 
silks; the other 7 had typical salmon and brown silks. 

From these two tests, it may be concluded that salmon silk color is 
i:ot dependent on the R factor nor is it noticeably influenced thereby. 
This is similar to the relation between red pericarp color and R!’ (Emerson 
1921 ). 

Summary of inheriUmce 

Salmon and brown silks are recessive to green silks by a single factor 
pair, Sm sm. 

This factor, Sm, is independent in inheritance from P (pericarp), 
.1 faleurone and plant color), R (plant color), and R (aleurone, plant color, 
cherry pericarp, and red silk color). 

It is linked with the factor PI (plant color), and consequently also with 
F fyellow endosperm). 

Dominant A is necessary for the production of salmon or brown silk 
color; that is. the combination a a sm am is green. 

The iiitemsity of pigmentation of salmon-brown silks is directly related 
0 t e intensity of pigmentation of the pericarp. 

hi n l.ition of the factors A , .8m, and P to silk color may be represented 
schematically as follows: 

A Sm P = Green a Sm P = Green 

A Sm p = Green a Sm p = Green 

A sm P = Salmon a sm P — Green 

A sm p = Brown a sm p = Green 

UNKAGE RELATIONS OF K, PI, AND Sm 
^^diminary tests of linkage of PI and Sm 

in till nro^ •'^‘^‘oation of the linkage of the Sm and PI factors was observed 
t'aviiiu outcross of the original salmon with a purple plant 

h cen SI ks. This plant proved to be heterozygous for both Sm 
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and PI. To the distribution given on page 546 may be added the data 


from a duplicate planting by Dr. Emerson: 

pi Sm 

Ppr cent of 
cro.ssing- 

PI Sm 

Pi i^m 

pi sm over 

111-2 26 

7 

4 

23 

From Emerson 23 

t) 

4 

38 

31 

Ki 

8 

61 17.6 

Two other backcro,s<es were then 
the re.sult.s: 

made, w 

hich the 

following year gave 

Per cent of 
cm.-o-iing- 

PI Sm 

PI sm 

pi Sm 

pi sm over 

2:38-9 7t) 

21 

20 

93 20.3 

241 tit) 

t 

4 

6() 6 3 


Cun.-iruction amt n.iulti nf thrii-point te.s/.s 

In the meantime, crosses were made to i'.ivtdve t\»e Y (actor for ycliow 
endosperm in addition to PI and since Y and /d were known to be 
linked. To get a sati.sfactory three-point backcros.s test involved seural 
difficulties, a.s follows: 

1. Yellow endosp’rm i.s not «*;i.sily di.-itingui.shed from white if hicug t 
in only by the fK)llen. Thi.s i.s a.ssumed to b«‘ due to the dominant 5 » 
Ix'ing represented oidy once ia the triple-fusion endwjK'rin mii'leu>. t 
therefore desirable that the Fj plants slftjuld be iLsed as fcniah paitn 

in the backcros.-s's, _ i ff . Itv 

2. Brown silks are not readily si-parated from green. 1 hi' ' * 
can f)e avffided otdy by having rrsl [K'ricarp in ea«.i plant . 
pre»;nc’c of red fjeriearp olnwures the color of the en<losperni. ■ 

to make endfwperm .separation.s possible, the female parent ol a 
crfjss must lx; free from red p<-ricar[). . 

3. Purple and dilute puijde plants usually have some purp ^ gf 
in the pericarp, which in some cases interferes with the cla.'- i ■ 
yellow endosp»-nn. 
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4 rh(> (loiiiiiiant A factor must be present in every individual where 
silk col'll’ separations arc to lie made. 

Ali'uninc color mast avoided. 

(i Presence of the dominant li factor, while not affecting accuracy, 
flouW nevertheless facilitate note-taking by making all the plants of 
wo diarply ditTerentiatinl classes, purple and sun red. 

Tu avoid as many as [xissihlc of these difficulties and accomplish the 
resilts within the shortest (x-riod of years, the following procedure wa.« 
put into effect: Crosses were nmde involving the factors 7, PI, and Sni 
iu ilitfereiit coinhiiiations. In all of lhc.s<‘ cro.sses, ixaicarp color and also 
the R factor for alciirone color wen* kept reee.ssive. .At the .same time, an 
attempt was made to tind or isolate a stoek of the triple roeessive of the 
cl“di'f''l comiMi-ition. Tests of ;dl available >almon'si1k material revealed 
tivocliiselv relati'd families breeding true for red [x-ricarp, white endosperm, 
nd rece>dvi‘ r both families consisted of sim red ami dilute sun rod 
'lint' shiiuing the H factor to hav(‘ lieeii Imterozygous. These were used 
he following year in the baekerosses. Tlw'ir comixxsition was y y pi pi sin 
III r r P P .1 .1. some plants iM'ing homozygotis ;uul some heterozygous 
'3r dominant li. Pollen of lhes«‘ plants was us<'(i on silks of the Ti 

TOS'CS 

riicse lia( kcro.sses w(“r(' mad(' in P.US and the progenies were grown in 
1919 The resiill.s are give'i in t.abli' I (page d.'iO). The jx'reentages of 
fmsMiiir-iivi r are: Y-Pl. 'i.S.tt; /'/-.'>■«», t>.l; T-.N’m. sliowing their 

rdativc nrilor to 1 m‘ Y- Pl-Sin . 

11 bile material for these tests was Ix'ing built up, Mime much les.s sat is- 
laitorv tia(kcr()s.M's were made bv |X)lliuating wbite-eTiiios(x'rm, hrowti- 
silkcd, ililnic sim red plants with |X(llen from cro.sses involving 7, PI, 
^’id Sill I’licM- were grown in P.H.S. The results are given in table •) 

ool ). 

■1 i-iiuiiuaiv of tile ixTcentages of crossing-over is given in table ti 

(Pase 

The chromosome mop 

rrom the totals of all the data obtainnl on these link.age relations, the 
lO^Oi'"^ l“''''<‘'itages of crossing-over are found to Ix' 2t1.70 for Y-Pl, 
lot pi-sm, uiia 3(».7‘) for Y-Sm. This shows their relative map 
to he 7-Pi.,s';>j. 'phe distance from 7 to Pf as olisorved is 29.7, 
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Table C. Si-mmarv of linkage Data 


Pedigree no. 


111-2 

23,'v-9. . 

241 . . 

TotaU . . . 

772-3 
1 1 4-ti 
7M-2 
I I 7 N 
770 V) 

Totals 1018 


U.-)l-3 . 

l4.>4-t') . 

14. >7 0 .. 

1 ItjO 2 
14t>3 0 
14*i7 N 
l4t/>-70 
1471-3 
1476-7 
1178-80 
1481-2 

Totjiis 1019 . 

Totals lOlv 1019 , . 

Totals of all 'lata 


Total 
j number 
of 

! plants 

1 

1 Percentage of crosMugHiver 

y-pt 

Pl-Sm 

I i 

Lit) 

213 

131 


17 

20 7 

I'l 1) 

1 

4V{ 

\ 

1 

1.') 7 ; 


1 " ' ' 

[ 


- 

1 219 

36 1 

10 

40 2 

273 

34 S 

9 

40 ; 

177 

! 28 2 

10 2 

:!1 6 

! l.> 

1 27 2 

S ') 

34 5 

, Itl! 

31 0 

12 r, 

.4119 

9.30 

32 17 

10 11 

3: 42 

1 >7 

;i7 7 

10 1 

4o 6 

1 (IN 

.37 8 

6 1 

41 i 

; I9t; 

31 0 


0 

i 113 ■ 

:«) 0 

8 7 ! 

.iOi 

.'C'i 

■2t; 3 1 

7 1 1 

.42 7 

1n7 

19 3 

6 1 1 

L!>5 • 

31n 

23 6 ! 

6 3 

29 9 

3.V> : 

34 1 ; 

7 <1 

41 1 

11.3 

2.-> 9 , 

13 .1 

> 

2;5fi 

22 0 

11 II 

o'.) - 

IM 

27 2 1 

18 

47 0 

3.093 

28 87 i 

'} o't 

.30 60 

1 

4,023 

i 

29 70 1 

It .i_' 

36 79 

4,. >06 

1 . 

•• 1 

10 0! 



or approximately 30 uiiit.s Sintf in such loiij^ (li.stiinccs <lnul'l<' nossn?' 
over may U- fxjXN'tfNl, a «-orr<*rte<l maj) tlisfuiicc Hhoiiltl It*' •’*' 1’^**' 
the per cent of untiljfterveil tioiihle cronsoverH Ixttween the iw'i point'^ 
But with the high amount of interfen-ner imlicatetl by the 'H' ‘H 
of ofjHf-rvtNj coincident crosurjverH in the tworegioiiH K-/''/ aiei ^ ^ 

c.jrrected value for therte data i.n probably not much alnive 3<i "f ^ 
value fo for the map diatance Ixitwcrn /'/ and Sm i« proi'ei'L' 
for tbeae data. 
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It slioulil be uiulei-stood that the chronifisoine map is primarily a graphic 
representation of the data on linkag<> relationships. It.s correspondence 
with actual [wsitions on the chromosome itself is not implied, tho the 
work of Morgan and his coworkers has given much evidence of at least a 
conespondcnce Ix-twetm relative map order and the actual relative position 
of the genes in the chromo.some. 

The variability of the percentages of cro.s.siiig-over shown in table C 
is not greater than would lie expected of heterogeneous data. Gowen 
(1919) has shown cros-sing-over in Dro.sophila to Ix^ an extremely variable 
pheiionienon. Plough (1917) has shown it to Ih' modified by temperature, 
and Biidges (1915) by age of the individual. 'Thi' subject of variation 
of ern.ssing-ovcr in maize must remain for study with less difficult characters 
than those involved in these exfX'riments. 

Tho distributions when the Fi’swere usisl as pistillate and as staminate 
parents give tiearly the .same averages, hut the data are inadequate for 
any conclusion except that the cro.ssing-over is not widely different in 
the two cases. 

Cain/ridence of crosfo ng-on r 

Coincidence of crossing-over in two regions of a chromosome i.s the 
ratio of observed coincident (siimillani'ou.s) cros.sing-over to the calculated 
expectancy. The expectancy is the product of tiu' ixurentages of crossing- 
over of the two regions. The actual calculation may lx* simplified, as 
shown Ijy Weinstein (1918). The derived formula Ls 

. . _ xn 

( oincideiice = - 
ab 

ill which n - the total numlier of individuals, 

X = (lie numiH’r of coincident cros.sovcrs, 

■I and h = the total number of crossovers in the respective regions. 

Jiic <‘oincidence of eros-sing-over in the two regions Y-Pl and 
calculated from tables -1 and 5, is as follows; 

Iroin table 4; 


Poiiii table 


Coincidence = ^ -- 0,20 

893 X 281 


Coincidence = ^ = 0.79 

302 x 94 
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From combined data of tables 4 and 5: 


C’oim^lence 


45 X 402.4 
1195 X 375 


0.40 


These values are entirely comparable with those listed by Weinstein 
(1918) for Drosophila. From this and the similarity of all pha.'^es of 
linkage and crossing-over, it is evident that the mechanism of crossing- 
over in maize is not strikingly ditTerent from that in Drosophila except 
in one respect. In Drosophila, cro.ssing-over occurs in (xrgenesis onlv, 
in spermatogenesis not at all. In maize the [)henomena of crossing-ovci 
arc at least of the ssime order in l)otli megasirorogenesis ami inicrospoio- 
genesis. 

Summary of linkage stiulies 

The factor Srn for .salmon silk color is shown to be linked with the 
factor Y for yellow endos|)erm ami the factor PI for plant and anther color. ■ 

The relative order of the,se three factors is Y-Pl-Sm. 

The amount of crossing-over between I' and PI is about 39 per cent; 
between PI and Sm it is alxmt 10 per cent. 

The ob.'^rved coincidence of crossing-over in the two regions Y-Pl and 
Pl-Sm was al)out 9.4 
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THE BIOLOGY OF EPIIYDHA SUBOPACA LOEW 
Cum Pint, 

Tlio olisoivatioiis and oxporimonfs liorcin d<'scrihp() wore begun in the 
siimnior of lOKj and covon'd a period of two years. The main purpose of 
th('.stu(l\ w as t o in\ est igat tiu^habits* a<‘tivi!ies, and ladations toenviron- 
ment of Ephjdra xuhopaca througliout all I la- stages in its life history, and 
to solve the problem of its unique habits and ada])tations. During the 
period, daily field data were takcm at the s.alt pools besi.le the east bank 
of C ayuga Lake, and vaiious other s,alt-wat('r areas in the vicinity of 
Ithaea, New York, were oeeasionally visiteil. 


ULSTORY OF THK .SPKCIFS 

The adult of this sireeies was first (h'seribed by I.oew fl.S64) from Con- 
necticut, lollowing this. Packard (IStiS) described both the puparium 
and the adult as hphijdm haJophiUi (a preoccupied name), from brine pools 
m llhtiois. The oeeurrenee of this species .at Charlotte Harbor. Florida, 
'cas leconh'd by .lohnson (1895). and at si'vc'ial localities in New Jersey 
f'J 8in'th (1S90). .lolm.son (1901) also reeoi(is this species at .\tlantic 
it.\ and Sc, aside I’ark, Xc'w .hasc'v. .\11 tlu' works mentioned above are 
iiCK descaiptions or records of ocaairrenei', but noiii' has anything bearing 
t i h, chits, developmcait, or lif(> history. The' most Kaaait and detailed 
'oik on the biology of hphijilrn siihopdcn is by .Mdrieh. in whose ai'ticle 
*n . Sonic westcaii sixaaes (l!(12a) are dis(ais.sed the habits, food, and some 
n (listing features of both the .cdult and the immature stages. How- 
Ci. Ih( egjr was not des(a ib(>d, oviposilion and mating had not 'been 
■|''<d, and the life history was hillKalo incomplete. Neither had 
iihiaiomena been investigated in detail. 


UISTIUHLxiox and UANGF in ITH.VC.V .VND VICINITY 


Cnlv two 
.Slate. 


specie's of Ephydra, as far a.s n'(a)rds show, are found in New 
I he species Ephydra mbopcca is found in Ithaca and in 


I ' ' iMuit I The author \>ij»hej* to aokno\\lothip his irulehteduess to Professors 

c l)'' I, md K i> ‘‘’hranun. W A. Kiley, ami H. <) Hurkintui. Doctor'^ L Hausiuan, C*. P 
-.f 'l ' * Piofne- r (T II. Vih and K Won*;, for jtfvsist.unoo in thinr res}>ective 

^ ‘ tk. ’»• tj. Noedharn and O. lohaimfU'n for advice and gtiuijiiice during the progress 
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noiKhlxiring localities wherever salt pools occur. 'Flu' larvar and 
live in water of various dcnsitic's ami in a variety of other |)h\ ■iical (on 
ditions, hut a ce"am pen'enta^t* of salt must he pres('iit in the water 
The sjM'cies can liv<‘ in fresh watt'r only for a very brief period. The 
sp<'cies w;is found living at two places in Ithaca, th(' first heine an old 
salt plant, near tlu' Inlet, where there were two ix’nnaiK'nt pools, in whidi 
the water was hrownish in eolor and s;dty in taste. .Vll statjes of the 
sjjecies were collected here in the summer of but unfortiinati Iv, in 

the ytair followim;, one [x)ol was tilled with dirt, while tin- other one 
Ixa'arne entirely fresh, and no more of this s[X'ci(‘s eould Ix' found theiv, 

The second place where this sjM'cies was ;ind c;in yet he found, isat 
the e.a.st hank of ( ‘avutia Lake, at the Keminuton Salt Works, wheip the 
salt wells are the sources of the overflow of hrine water from an intensive 
area. At this pla<'e the water is stront; in salt, ami the ix)ols, diiehus.nnd 
overfl(jwed area.s ;ilx)und in Kphi/ilni suhojutfit in all stages of develop- 
ment. ThrouKhout the two .siimniors :ind a part of the winter of lOlfr- 
17, most of the field ohserv.at ions were ma<le at this latter pl.icc Knd 
praetieally all the ecolo>'i<-al phenomena di.seu.s.s<'d herein ;ue related to 
this locality. 

.\t Ludlowville, on the ejust short; of f’.ayuga I-ak(>, a fairly wii ie aiva is 
fltKxled at certain .seasons hy the hrine w.aler from .salt wells. I'his con- 
dition is hy ru) m«*an.s jtermanent, and the salt wtiter is frepiieiitly dricil 
up in mid.sumrner. However, in the summer of I!)17 tlii' |da(o "ns 
visiteti at interv.als for ni.akiiiK oliM-rvat iotis ami for crdlect inu Next to 
the [rermanent jxxil.s at I>haea, the Ix-.st plaet-, where |•normou^ i.'iiiil'ci" 
of thi.H s[jecii‘s ;ire foumi .ami where the |X'nn;inenl jxiol^. ditihe'. ami 
wifle, ov'-rflowed .areri-s afTonl exe«‘llent opjxtrt imit ies for field umk. 


Solvay, Syraeii.se. 

(twiriK ft) eonvetiienee of loe.ation, most of the ecoloi'icnl 
Wt-re ma<le at the.s.all |XX) 1 .S :it |th;te;i. dliere are ei^llt pooh 
are hwatetl in senes, alseit one .ami a half meters a|);irt, silii.C' 
to .stiufh alorit; flu- <;i.st side of the lake. I'lie six |)ool' ai' 
A, B, I). K. ami F. 'I'he other two, I ami IL.aresiiuai' d 
frtjm the lake shorty towanl the t-.ast.ami altmn the rtiad-iii' 
to the t-ight (xxils, ovi-rflttwt-tl .areas, larue anti small, aii 
and there Itetwet-n the |xs»l8, eovering an t-slimatetl an a 
rntders. 


.ho'n atioir 
.i\ (il wliidt 
i lioiii iioi'tl' 
, ..nrn;il(’d as 

iiiticr a«a) 
111 addith” 
..lei-rdlicre 
or t V 
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PHYSICAL KKATCRES OK SALT POOLS 

Soil 

Althmish thrsp pools arc scarcoly over a year old. riup to the destruction 
nd recoiislruction of the .salt works within two years, the physical feature.s 
1 tlicin are perfectly natural. Pools A to F are located close to one side 
f a delta deposit of I[ainilton sh.ales on the ea.st .shore of Cajm^a Lake. 
Tc si,il at the ea.st side of the pools is largely made up of such deposit 
iid i.s elevated about one meter higher than the soil at the other side, 
.liieh Is on the ground h'vel. The .‘ioil of the higher side ha.s .shales mixed 
lith clay, while that of the lower side, which composes three-fourths of 
he circumferouce and slopes down to the bottom, is entirely free from 
hales and is a homogeiK'ous. jnirely clay soil. 

The condition in pools I and II, and in the overflowed areas, is entirely 
liffcrent. The oveiHoweil areas are composed of s.andy loam with some 
iiganic materials, such as grass sti'ins. and with small fragments of boards 
nd animal excrmiient sparingly scattered over. 

Pools I and II. in which the w.ati'r is much deeix'r, po.ssess some different 
eatures as far as soil is coneeriK'd. They are situated rpiitc away from 
he delta di'posit, and no sliah's have been found in them. One side of 
hese two pools is adjaeenf to a path built up with a mixture of cinders 
nd sandy loam and their bottoms aia* on tin' same ground level with the 
'VorHowed are, as. (dancing into the jiools through the transparent and 
oniparatively fresh brine watra-, the Itomogeiu'ons gra> ish black color of the 
oil atfirnis that tin' (mtiro bottom and tlit' slopi's below the water sur- 
nce Consist of nothing but sandy loam mixed with coarse rmders. 


ira/er 

Pin pools, in contrast to the overllowed areas, are permanent. The 
viiiral I'oiiditidii of the water varit'S according to rainfall, sunshine, 
nliiiii \ , and biological content , and sometimes to art ificial causes also. 1 he 
diameter of these pools measuix's from 1.3.a to 1.4 meters, and 
di pill froinO.35 to 0.4 meter; (hat of the overllowed artais, from 5 to6 
'Idle color of the wafer in pools A to F is generally brownish. 
I'' I i.dnfalls are fre<|Ui'nt, the brownisli color fades away, changing to 
b" ' grayish green about 3 or 4 eentimeh'rs below the surface. Ihe 
^ 'he ovcrflowerl areas remains fairly clear owing to its shallowness 
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and tpfnporary oxistonoo. Conorally a thick layer of dark brown scum 
prevails here and there over th(' surface, but tlu' ckuirness of tlie wafer 
underneath is not atb'cted. Pools I and II were' du<f in the latter jian 
of the summer of 1917: unlike th(' water in the older pools, the water in 
these has continued perfc'ctly <'lear all t\\(' time, so the presiniee or ai'senee 
of color is due to the difft'n'nce in a<i(' of these ])ools. Pools A to F, lH'eall^e 
of their proximity to :i much-u<ed rail track, ha\'(' biam jiollutc'd to a certain 
extent by oily sulfstanci's ami animal f''C('s. This is true also of Miiim 
parts of the overtlow('d areas. Pools li and F weo' spoiled in the lattir 
part of the season by bein>>; filled in with lumtx'r fratJTm'nts and a iireat 
quantity of wa^ti' salt. The ircneral condition of the watf'r in the diffir- 
ent pools from .Vuirust 17. 1917, to ( tetober 17. 1!H7, h:is Ixaai recdnlcil 
as follow'! 
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The water in all these pools, as well as in the ovei-flowed areas, remains 
stagnant all the time. When rain is in excess, water may flow into them 
from the near-by ditches or from some areas that are located on a higher 
level; but throughout the greater part of the season the stagnant condition 
is seldom (listurl)ed. The quantity of water in these pools is decreased 
by evai)oration during dry w(‘ather. The pools themselves, however, 
dill not dry uj) during the seasons of observation. Being so limited in 
area and so sheltered in location, the surface of the pools i.s not likely to 
be distui'lied by the wind. 

Although situated close to one another, tin* density and salinity in the 
pools hav(' notie('at)le fluctuations and increase from north toward south 
in their range; this is perliaps due to their gradual approach to the spot 
where tli(> loading of .salt takes ])lac(‘, which is near Pool F. The follow- 
ing shows th(' differcuiec' 


I’ool 

1 

Density 

Salinity 
(per cent 1 

.tUKU.'t 

10* 

September 

2l-t 

.Xugu.st 

lf)t 

-August 

105 

A 

1 .') 

4 

3 '.>0 

1 00 

li 

■J 0 

5 

1 71’. 

2 28 

(; 

4 0 

() 

2 US 

0 3.) 

I) 

.5 0 

c. 

4 20 

0 84 

F, 

7 0 


.') ,).S 

0 70 

F 

7 0 


7 40 

0 70 

I 


n 



11 

1 

1 

11 




fAt'Tirnii,,! Ill (li,. Iiil,„r.,t,,rv 
,1 ,11 tho lioUl 

i ‘^'‘y l.‘il)<)rat<irv. 

.itttT bfiiin kept for tlirof dny** in th«' la!>oratory. 


moUMilCAL COXTKXTS OF SALT POOLS 
A.s die pools are so limited in si/a- and .since none of them h.ave been 
'It exi,st(aii (. fop niore than a year, it is only natural that no large plants 
'jnt e\( I Ik-i.ii found growing in them. Mon-over, the .salinity and density 
c w.iicp aeeouni for tin* total ahw-nee of .some- larger animals that eom- 
auiil\ iiilial)|( fp,.[^i, water pools. The only fauna and flora that are eom- 
In I, ;ir(‘ planctoi, forms, the plants of wh’.eh serve as food through- 
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out the season for Ephydra tuibopoai in both the larval and tlu' adult 
stages when active. The plancton enriching pools .V to la gives color te 
the salt water in very different degrec-s. Plancton is tin' only oigauic 
material from which the inhabiting fauna obtains its snbsisteiua'. bi the 
summer *Jeason th(' changing colors and varying contemt of tli(' wat(>r in 
these pools mark the increa.sc' and decrease' in abundance of the iniero- 
scopie forms of one kind or another. During freepient .siirve'vs of pools 
A to F made in the' mideile' anel later part e»f the' summer, it w.is found 
that the plant life the'iein ine-lueh'el large- numlee'is eef rhlamyelonioiiar'. 
Navicula. anel bacteria, anel the- animals, nnnie'reeiis .\e't it]e)])luvs and 
IMonas, a few .\stasia anel ame>e'bas. anel a ve-ry fe-w Haleeplnys ;«id 
C'iliata. 

The green Cf)lor e-ef the wate-r in the preeels is eliie- tei the- i')reseiice' eif an 
abumlance of green algae-, e-hie-lly t’hlamveleemeenae-. anel the' hrowtiisli 
tinge is causeel by the' ine-re-ase- eif eliateiens. name'Iy. seeme- spe’eaVs ed Xavi- 
cula and its allie-s. These- are- the- twee ineist ])reiinine'nt feerms eef plant 
life in the pool*. 

As before stateel. pools I anel 11 we-re- formcil late-rthan the others, and 
their water remains e'lear all the- time'; .'le-e'eirelingly in the-in the- hied.eiirical 
content is meere' me'age't. eaensist ing e)f a small numbeTeef X.'ivicul:i, ('lilaniy- 
elomonae. and ejrie- eer twee edliate-el preeteezoa. In late- simiiner. Iiee.'cvci'. 
a notice-able' e'hange' take'S jihie-e. At the- beettom eel the-se- iieeeeb a thni 
layer of brownish eergimie- matte-r is feernie'ei. l.-irge'ly niaele up eet Xavnula 
with e'omparative'ly fe'W t 'hl.-iiin eieemeeie.'ie-. 'I’his e|e-])e).'>it eieee's not alicit 
the transpare-ney eef the fre',-h brine' Wate'i'. 

Dwing to the- wieh' area ami e'Xpeese'el Miifaci'S whie'h are- e-asily ivaidicd 
by .sun.shirie, thick, toamy, breewn se-iims ;ire' feeiinel heia' anel then' "ii dii 
.surfae-e- of the- shalleew WeiteT in the- eeve'lfieewe-d .'ire-as. 'rlie-si' Si'inie :dlold 
the' larvae-, e-spe'cially ehiring e'arly stages, she'ite'i' anel shaele wli- n tin 
sun's ray.s at nexentime' are- teeee slreeiig: the'V ae't as a meeislure 
wheai the; are-, -is are- r;i()ieHj' eli ving eip; anel linally. for the- laiea a- ■ ' 
the aelult, the'V constitute ;i main .seeiire-e' eif fexiel supply. 1 hi 'i o.itnir, 
scum ma,s.se'.s ernbexly the- e-ntire- fauna anel Mena in the- shallow w - ■ 

In e'omparing the- twe> .set.s e>f [xxils — .\ tei F, anel 1 ami II . 

fi'iwe-el are'a,s — if was femml that in the fenine'i- gteiup gre-e'ii algae 
nateel, with the proteizeia meiri- nume-rem.s, while in the- latter a a' 
brown algae; were- in gre-ate;r abundanea-. 
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LirE HISTORY 

TIIK LAHVA 

M or i)ho](Hjii 

Variiiii'^ methods were tried for sHidyiiifr the anatomy of the larva. 
The felldwinfi' metliods yicdded th(' most satisfaetory result.s, 

I’lU' the muscular system, it was found that si)ecimens were best fixed 
iti dishllv wartn Houin’s or t’ulson’s .solution. Roth the cutaneous and 
till' o'plialoplKUAuiiietd iiiusetilaturt's :ip|)('ared opa(]Ue white, and were 
tilth Id he distiiifiuislied from othm- structures. For tlie nervotis, alimen- 
itiry. ti'tii'heal. and vascuhir systems .and the im;i<;inal disks. lO-per-ccnt 
Imiiitiliii seemed best. The fine braiieh('s of tile iier\'('s ;uid tracheae were 
pri'M'i'veil intttet and were reeoirnized .aiid (list iiijiuislied from one another 
iiiulri a binocular microscope with the :ud of bri^rlit sunli^jht or the arti- 
tii'iii! |i»lii of a iiit rojicti-tillcd lamp. 'I'he imayiinnl disks were best studied 
by uaiiiiiiji with diluted metli>leiie blue b') diops to d cubic cmitimctcr.s 
»f luiter : this dist ineui.^lled lliem from the nervous fjtujclions, which do 
irit take the si, ■tin to the stuuc dcfirce. 'I’he dorsal ves.sel. the ring, and 
the I'liiiie tilimeiitary system were presciwcd in perh'ct condition in this 
weak fluid. 111 checking up the gross dissections, .siu’ial sections were 
rat Imin .'i to ll)/t with ;i microiome. Here agtiin Houin's and (bison's 
■siliiiieiis were tlie fixt'rs used. Tiie following was the procedure: 
^ •'I'ttiin paits not to be studied were snipped olT in onh'i- th.at the fixer 
aiiy^lit pciiei r.aie ((uickly. The specimen u:is kilh'd in hot sohition and 
hxcil iiir tnini 12 to 21 hours, wasla d in S.Vper-cent alcohol which was 
rliitiineil tliiee or four times a dtty . and stained m lolo in hot ix carmine 
till ti'eiii 21 t(i (s boms. The sp('cinicn w:is then dc-st:iiiu'd in 70-pcr- 
'rat acnliil, Ill'll alcohol for from 12 to 21 hours, in .S.-i-iier-cent alcohol for 
'I la 111 c, III (t,')-pcr-ccnl alcohol for 21 hours, in absolub' alcohol tuid 
r< I'll Dll iiii 2 1 hours, in cedar oil for 2 1 hours, in oti^ iiarallin for 24 hours; 

tieiii,)i(i Kpx; xylene ') minutes: in ().')-pe(^cent alcohol 5 minutes; 
I" rail,;, kx r, Lastlv. (he specimen was mounted in 

balsaiii 


b'l/iM,, 

lii-' 


'c 

"tuns. body of the larva consists of (wrdve .segments, 

a liead, segiiK'iit is often retracted ;ind not visible from 
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above. The second, or first thoracic, segment is partly refracted and 
a pair of sense papillae are visible both laterally and ventrally. Owing 
to the retraction of these two segments, there results an oval opening or 
invagination, bordered by the fold of the integument of the first thoracic 
segment, situated cephalo-ventrad at the anterior end of the larva. In 
the specimens fixed in Bonin’s or Gilson’s solutions, the wrinkles in the 
integument are flattened out, and the first two segments are stretched 
and distended, so that they can be easily examined; but the segments 
throughout the whole body are not very distinct externally. 

The shape of the body is more or less cylindrical. The body tapers 
off gradually from the third segment toward the anterior end, while the 
diameter increases from the twelfth segment toward the posterior end; 
but for the most part the diameter of the abdominal segments is fairly 
uniform. The caudal process is circular in cross section and terminates 
with a more or less truncate end, wlicre two cylindrical bramdics arise. 
Through these branches the main trunks of the tracheal system come to 
the exterior. The average length of the full-grown larva (Plate LB, 2), 
including the caudal process with its branches, is 12 millimeters. 

The integument . — In the young larva the integument is grayish in 
color, and is thin and more or less tran.sparent, so that some of the internal 
organs can be seen through the skin. The body is more or h'ss hairy. 
In the mature larva the hairs on the dorsum are more pronounct'il than 
those on other parts of the body. On the dorsum nre seven somewhat 
V-shaped blotches, the hairs of which are modified into flat scales. I he 
prothoracic segment is covered with short and blunt bristles. 

In cross section the cuticular integument is composed of two layers 
The outer layer is thin and slightly chitimnis, bearing the chitinous haiis, 
while the inner layer is very thick and homogeneous in structure. 1 ndcr- 
neath the two layers is a thin layer of hypodermis. The writer hasne'f'' 
been able to see the hexagonal cells of the hypodermis as mentioned !>} 
Tragardh (1903). However, the large oval nuclei of these cells arc \er) 


conspicuous. 

The appenf luges . — The very short antennae, each consisting of t"® 
joints, are above thi; prominent oval lobes and are scarcely visild'' at a 
when the head is retracted. A pair of chitinous prothoracic .■;tiga!at» 


each consisting of four digits, are borne one on eaidi side in 


tlic SCCOIIO 


segment. The stigmas are ordinarily visible, but sometimes, 
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ictnu'tioiU of the first two st'^iiiioiits, they are entirely concealed within 
the folfl of the integument. The thoracic segments are footless, while 
each ahdoniinal segment bears a pair of prolegs. These prolegs are 
nipple-shaped, are fused at the basal third, and bear a number of claws 
on their blunt tips. These claws are arranged in three rows, usually .with 
five in the first, four in the Sf'cond. and four or five in the third. The 
nuniher varies and the size of the (Tuvs decreases row by row. In addition, 
then' is one more row of laither insignifictud small claws. The last pair 
of Prologs are moi'C prominent than any of the preci'ding ones, and the 
claws uiion them are much larger. The claws here are ojrposc'd in position 
to those on the other jwoh'gs. d'his etiables tlu- lai va to grasp an object 
hv means of these and the two preceding jiairs. wlnm ])Uiralion is impending. 

Behind the anal opc'iiing is a pair of more or h'ss ro\m(led pads which 
aiv considi'red as parts of the prolegs, and a numb(')- of small claws are 
tioriie on them, d'he caudal jn’oeess is ;i cylindrical sheath, into which 
it' two branche.s can be withdrawn. It is longc'r than ;my segment in 
the body of the larva, being about three or four times as long as the 
twelfth segment. At the end of e.acli branch of th(' jtroeess is a chilinous 
cap with one large rotmd pit sittitiled ;it th<' eentm' ttnd fottr small openings 
on a cliilinotis knob surroimditig this pit. \\ tlu' itnii'r border of each 
ot these opetiings is .-ittached ;i fan-shai)ed thin itietiibratie, wliich ctm be 
seeti best when the larva sticks its ctuidal tijts to tin' surface of the water 
for inspiration (Plate LI\'. 7). 

Ic's/vm/ tilructurcs 

The Inichciil .v//.vd///. — 'I'he lra''heal system consists mainly of two 
pans oi longitudinal trunks, one dorsal and one ventral. The dorsal 
trunks are large attd are tlii' true Irunks. whih' tlu' vc'titral are more 
'Idicate atid art' made U]) merely by the connection of the' outer branches 
•jf file doisal ])air (Plate I,l\’. S). 'PIk' dorsal pair ln'gins in the second 
scgnmni wheie the jirothoracic stigmas o])('u out tlirough the body wall, 
^'"1 jxisteriorly (o tlu' ctiudal tips, •wliieh bear the sjiiraeles. 

f oiiiK'i i iiijT (^y<, uiain t nudes in (be fourth .segment is a eommissure, 

il \ ] iin ( ii,. ccpbalopharyngeal ski'leloii. 'I'riigardh st at es t hat in Lphydra 

'ipnn,! 

is the only eommissun', but IIk' writer has found in Ephydni 
'tbj/j,;. . j|| ijij, j'(.»i(,ii close' Ix'hind the' twelfth se'gnu'nt, a very 

' 'mmi.ssuro coiicealeil bj’ (he cros.sing of the (wo tracheal trunks. 
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In addition to the two just mentioned, another one is found in the nituh 
segment. This commissure, howi'ver, is not so large as the anterior onf 
and it might easil}' be confused with some of the inner branches tVoin 
the trunks. 

As. the larva is amphipneustic, each dorsal trunk has its ant('i ior and 
its donsal siiiraclos. The anterior spiracles are lacking in the yountj 
larva during the first instar. The anterior spiracular process consists of 
a hand-shapetl body bearing four digits, although sometimes oitlv three 
are present. Each digit has a sm; dl opening at th(' tip (Plate LIV, 61 . 
The posterior spiracles are found in tin' larva shortly afti'r hatchiiii>. At 
this time, the caudal procc'ss. however, is not welt devel(jp<'d. At th.c 
caudal end there appear two oval disks (Plate LIV. 4). which beconic thi' 
tips of the future caudal branches In the c('nt('i' of each disk arc two 
metallic shining ehitinous knobs wiilt a small round jiit clo.si-lv mesml 
to each of them. Tire spiracles ar(' in the center of these knob'. When 
the .arva is mature, the fiat disk develops into a conical cti]) and each 
of the knobs lireaks up into two parts, thus making four all together on 
each cap surrounding a lartte round pit in the center. Tlieri' arc four 
curved groove.s around tlu'se knobs 'Plate I,I\'. 7). distinctlv delimitingthe 
discontinuation of the ehitin at thr' tip of the caj). The central pit i^ 
bordered with four fan-shaped ehitinous membranes whicli Triigardh ealh 
“ ehitin blatter.” d'hese membr.aiK's are outs|)r(‘ad when the caudal tip' 
come to the surface for boaithimt. but eai li h'eetmies fold'd longitudinally 
to cover over its spiracle wlien immersed. 

Each dorsal trunk has eiglu [)airs of inner branches and ten ])aii> ol 
outer branche.s. The former are smaller than the latter. The hrancho 
of the first pair at the fourth body segment of tin; larva attach to each 
side of the cephaloptiarvngeal skeleton and there ramify. The hraarhes 
of the second pair originate in the .same segment, and shortlv aflei ilicii- 
origin each branch divides into an anterior ami a jiosti'rior siib-hi-nich. 
the former going to the cephalopharyngeal ma.ss, the hitter to tli' "isg. 
The third and fourth pairs are found in the fifth and sixth seen cnls, 
respectively, overlying and sufiplying the |>rovent rieulus. Pram i' - i" 
each of the.se two pairs meet each other and an' conjoini'd at tic p 
thus resembling a commissure. Following this are the fifth and > 
pairs in the sixth and seventh segments, respi'ct ively, 'rhese supi ^ 
posterior part of the provent rieiilu.s. The seventh pair lies in tin 
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seginfiit' third and fourth pairs, the tip of each branch 

from one side moots its follow from the other to form a false commissure. 
Finally, in tlu' tenth segment is the eighth pair. Both this pair and the 
preceding one supply the convoluted mid-intestine. 

Of the outer branches, tho.se of th(‘ first pair arise in the fourth segment. 
They tuin inward, e.vtc'ud forward as f.ar as tin' first sr-gment, and divide 
into several branches (here to supply the mviselesof the eophalopharyngeal 
skeleton. In the fifth and si.vth segments arise, respoetively. the second 
and third pairs, which supply tin' imaginal disks of the wing.s, halteres, 
and niesot borax. Thes(' tiranelies divide into sub-branehes. The sub- 
branches of the second pair go to the third segment and (uid underneath 
the cephaloi)harynge;il skeleton, either with or without further ramification. 
The .‘;uh-l>ranch(’s of the third pair arc' coniu'clc'd with different structures 
within the body caY’ity. One of the sub-br.-mi'hes of this pair connects 
with corresponding tnicheal bninches of otlier .sc'gments to form the 
slender vi'iitral trunk. From the fourth pair to the eighth, inclusive, 
each hrancli consists of four sub-br;mehes, one tu’ising from the dorsal 
trunk, one going to tii(‘ ventral trutdv. otic penetrating the fat itodies 
and ending in th^' dor.std Itody w;dl. :md one j)a.ssing mestul underneath 
the (loi'sal tniid\ and .supitlying the ;diment:ry etimd. In tlie sixth pair 
there is a promiiu'nt white tracheal l)ody in each inward-turning sub- 
hraiicli, I'lie function of these bodies is pc'rhaps hyilrostatie. The ninth 
pair i> ^jlllilar to any of tlie preceding ones, excc'pt that one of the sub- 
hi'ani'lics. instead of attaching to the alimeiitaiy canal, goes to the lateral 
h'ldy wall. The branches of the' tc'iPl; pair ;in' vc'ry strongly developed. 
Ihcv an.'ie m the caudal process and exteml forw.-nal .’is far ;.s the eighth 
^('giiieiit. to coiineef with the alimentary ctuial. F-acli branch has two 
large Mih-bianehes, one anterior and one' |)osleiior. 'I'he anterior sul)- 
hniiich to the eleventii segment and is alltiched to (he liind intestine. 
Tlie po-ii'iior sut)-l)raneh sulxlivides it.self :igaiii, sending out an anterior 
^^'d-l)i'aii(li to suj)plv the twelfth .sc'gmc'iit and a posterior sub l)raueh to 
'•''tend ii] ih(. cud du' caudal process. 'I'hc strong development of the 
Imii ()l the outer braiielies, as 'I’ragtirdh considers, is due to the 

the hind intestine, Init, in addition to this, the w'riter is 

Inclined tliiiik that the elongation of the caudal process, when the 
tnust be a cause also. 
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In the dorsal trunk taenidia arc present in the parts anterior to the 
first outer branch and posterior to the sixth outer branch. These parts 
are distinjiuished from the rest by the dark brown color. In the parts 
where taenidia are alisent the color of the tracheal trunk is silvery white. 
There is an absence of taenidia in four places in each trunk, three of 
which are close behind the si.xth, seventh, and eighth outer branches, 
respectively, and -one is between the ninth and tenth outer branches. 

,^s already mentioned, the ventral trunks are a secondarj’ make-up 
through the connection of the sub-l)ranch('s from the dorsal trunks, so 
they are much more slender ami delicate than the dorsal. In each trunk 
the anterior end ramifies in the fourth segment underneath the cepha- 
lopharyngcal skeleton. From the fifth to the eleventh segment, inclusive, 
there is an inner branch in each segment. This inner branch ramifies in 
the prolegs. In the twelfth segnumt the anterior end of the trunk ends 
with the alimentary canal. The ventral trunk has two outer branches in 
each segment from the fifth to the tenth, inclusive. All of them go to 
the latero-dorsal body wall (Plate LIV, M and 0). 

The fine branches that pfuietrate the subesophageal ganglion are con- 
nected with the ventral trunk. Sttch connection can be best seen from 
the lateral aspect, when the six'cimen is fresh and the trachea are filled 
with air. 

The nervous f>islern. — The nervotis .system of this form in general 
differs’very little frf)m that of the laiv.a of Musca. d'he nervous center 
consists of a boat-shap(‘<l ganglion ami two promimuit cerebtal lobes. 
Between the latter puss the osoph.ugus, a j)air of tracheae*, aiul the di^rsal 
vessel. Cephalad to the lobes are two major eephalic imagin.al dbes, 
each of wliicb is connected antero-laterally with an opti(’ stalk. The 
only difference here from the larva of Musca domestica is that there n 
no such prohlematica) cellul.ur stnndun* as was figured by Hewitt (1908). 
situated closer above the major cephalic disks and the cerebral lobes 
(Plate LIV, lOj. ■ i, 

d'hi! nerve branches I and II arist! from th(^ eephalic part <'t f 
central ganglion, one of them ( 1 ) going to the eephalopharyngcal mass, 
and the other (II) going to the inu.seles of the lateral pharyngeal m kiitis. 
Thfwe are three pairs of riiTve branches (a, b, and c) arising imm f 
stalks of the protlnmaeie ami mesuthoiwie di.sks. In addition l" 
nine pains arise from the lateral and caudal parts of the; ganglion 1*°' 
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the piistorior half of the rontral ganglion arise three unpaired accessory- 
nerves which are much finer than the others. Except in the first four 
branches (I. II, a. and b) the liifurcat ions of these nerves are very similar 
to that in the Musca larva, -while in innervation there is practically no 
difference between these two forms (Plate LV, 13). Each of the fourteen 
paired nerve branches is a.ssociated with a trachea (Plate LIV, 10). The 
penetration through the ganglionic .sheath by the trachea gives a metallic 
luster along the edge of the ganglion. 

There are two prominent pairs of sen.se organs in the head region. 
The anterior pair is on the antennae and the posterior pair is on the maxil- 
lary palpi (Plate LIV, 2). The pal[)i are shorter than the antennae, are 
not jointed, and have a broader ba.se. The innervation of the former 
comes from the subesophageal ganglion (Tragardh). that of the latter 
from the ee[)halo])haryngeal m.a.ss. On tln> dorsal and lateral parts 
of the thorax, and along the lateral of the entire abdomen, parallel to the 
main tracheal trunks are papilhn* of another type which are much more 
.slender, with a cylindrical stem. At the tip of the stem branch are three 
or four tentaedes. These have been figured by dh-.agardh (1903). The 
nerve ganglia lie close above the u|)p('r pharyngiud plate. They are 
fused anteriorly but clearly separated from each other behind. These are 
the epi[)l,aryngeal ganglia, .lust opposite' to them, on the ventral side 
of the ))liarynx, an' the hypo[)haiyng(':il ganglia, d'hese two pairs are 
host si'i'n in cross si'ctions. 

Till niHsniliir xji.'ilnii . — Tlu' mu.scles, asidi' from tliosi- of tin' alimentary 
uiiil Vascular tracts, arc' in two main groups- — one' controlling the' cepha- 
lopharyiigeal region, thc' othc'r constituting a ])!trl of the I'ody wall. It 
'sthc.se two main groujis of musch's which :tn' In rc'in discu.ssc'd. 

hhc (-cphalopliaryngc'al mu.scic's. -- In Ihc' cc'phaloiiharyngeal region the 
muscles ,.||(. verv similar to thosi' found in tlii' larva of Musca. Starting 
fi'om 111 ,, ccplijili,. ('till, a pair of mandibular exti'iisors is seen, inserted 
on tile diii'sal side of ffi,' mandibuhir sch'i'itc's, T'Ik' attacliment of these 
muscles ,s made to the dorsal body wall of tlu' tliini .si'gmeni t audad 
to tlu'se .iiiot ij,.]. pail- of rnusch's is insi'rtc'd on tin' (h'tital sclerites, Ihcse 
the mandibular depr('.s,sors. The othi'f emi of this pair on each side 

'livid, ,1 into three bands and alt.-iehed to t lie ventral process of the 
‘^^''ul phiiiyngi'al plate. On thc hypostomul .sclcritc's tire inserted four 
bdis ,)! ’ uiselus, two dorsal and two ventral. Thc dorsal jiairs arc attached 
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to the intersep;mental rinpj of the third and fourth segments, \vhil(‘ tho 
ventral pairs are attached, one to the caudal end of the dorsal process 
of the pharvngeal plate, and the other to the* ventral. They are stomal 
dilators. The pharyngeal depn'ssors an' the pair of muscles situated 
dorsal to all the others. They have one end attached to the intersc-gniental 
ring between segments 3 and 4, and the other end inserted on the 
posterior end of the dorsal sale of tlu' pharyngeal mass. There are two 
pairs of cephalopharyng('al protectors, om' dorsal and one ventral. These 
are attached to the third segment of both the dor.sal and the vmntral side, 
respectively. Their other ends at each side are inserted together on the 
dorso-lateral region of th<' posterior end of the pharvngeal mass. Six 
pairs of cephali<' retractors are in.serted into the cephalic ring between 
the first ami the second segment. The three dorsal pairs are attached to 
the posterior end of tin' fourth .segment, while the three ventral pairs, 
attached to the same segment, an' slightly cephalad in position. 

Within the pharyngeal mfuss thc'iv are two sets of muscles, wlii(di arc 
best sec'n in sections, t )ne sc't is longitudinal. Hewitt, in tin' Musca 
larva, calls them the obliqite pharyngeal muilde.s, because their ventral 
attachment is posterior to th(' df)rsul attachnu'nt. 1 hese muscles aic 
attached dorsally to the in.sido of the dorsal riilges of the lat('ral plate and 
ventrally to the- roof of the pharyt)x. The other set is best seen in the 
caudal region of the pharynx. They lie horizontally over the pharyngeal 
cavity, and are called by Hewitt the semicircular pharyngeal muscles 


(Plate LV, 20j. 

The cutaneou.s muscles. — On the inm'r sid(' of the dor.sal body w:n ■ 
two pairs of the florsal longitudinal musch's are fouml, lying on both side 
of the median line. They are arranged according to the body segnieiit> 
On the ventral side there are three p.air.s of ventral longitudinal niusclce 
Both the dorsal and the ventral s.'tsarethe most prominent musclesnl t w 
body wall. Between each two .segmi'iits, from the' fourth to the l»c^^ ' 
inclusive, a more or less spindle-shape<l muscular band, called tin 
segmentnl muscle, touches both tlie <lorsal and the ventral 
muscles. There are two pairs of lateral longitudinal mUSch'S "ii 
sides which extend from the third segment to the twelfth. 1 i* 
ventral muscle on each side (a)mes anteriorly into contact with tin 1 
retractor in the fourth and fifth segments but turns awa\ ” 
terminates near the derai-annular muscles in the second segnuni 
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the more dorsal muscle comes anteriorly to the third segment and ends 
almost in the same region as does the ventral muscle. All these muscles 
in the two pairs come posteriorly into contact with the ventral longitudinal 
at the posterior end of the twelfth segment. The oblique muscles are 
separated in each segment, from the fourth to the twelfth. In each 
segment there are three pairs of internal dorso-lateral oblique muscles 
and three pairs of external muscles. Likewise, there are both internal 
ai'd external ventro-lateral oblique muscles, but only one pair of each. 
Two pairs of internal ventral oblique muscles and one pair of e.xternal 
ventral oblique muscles are found in each abdominal segment except 
the twelfth. The demi-annular muscles are found in each segment. 
There are four pairs in segments 5 to 11, inclusive, while in the other 
segments the number varies. In the last segments the muscles that are 
I'onnectcd with the anal lobes are the anal muscles (Plate LVI. 31 and 32). 

The nlimentfiri/ — The alimentary system consists of the tract 

and its appendages, dlie alimentary tract in the mature larva is about 
fliree times as long as the entire body. The different parts of the tract 
are distinctly marked out by constrictions or by the insertions of the 
appendages. 

The mouth opens vent rally at the anterior end. l)ord> red lyv two oval 
lobes. T'he mandibular sclerites are exposed, ('ach bearing a series of 
“teeth " reseml)ling a comb. The hyposternal sch'iiti's are set posteriorly 
inside tlie oval cavity, Imt th(\v an* invi.sil)l(‘ tlirough tin' semi-transparent 
skin. Pom- paire of huge' chitinous tuberchs an' arranged in two series 
oo.^e beside tile oval cavity, and lateral to them are four .series of smaller 
ones. 'I'heir size increa.si’s to the hast row. .Vt the farthest cephalo-dorsal 
position arc four large' tulx'i'ch's, two on each aide of the median line, and 
■'bll dorsad to the.se, anotlier four large ones are found clo.se to one another 
in a id\v. re.sembling the iiremaxillary teeth of thcmammals (Plate L\h 15). 

Jhe cephalopharyngeal skeleton. — In the sccoml instar the “skeleton ’’ 
Is vci\ .siemli'r. The mandibular sclerite consists of a single piece, more 
or los.s C-.shaix'd and with a series of teeth, while another single piece 
oonipiKcs the remaimh'r of the skeleton. These' two pieces of the whole 
slo'lt'toii ai-,. from each other but joined with each other 

hirou|.Mi musch's. ,\s th(' larva matures, the I'-shaped piece breaks into 
two p.ics Dorso-caudad of them are a pair of di'iital sclerites and a 
pnii 1,1 sloiuif.,. chitinous plates. A pair of hypostomal sclerites are 
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separated from the rest of the skeleton. These sclerites are connected 
ventrally by a hypopharvngeal sclerite. The rest of the skeleton is dividcil 
into dorsal and ventral lateral plates. Each has a caudal process proji'cting 
posteriorly. The dorsal and ventral plates are connected with a dorso- 
ventrad piece, making an I-shaped outline ( Plate LV, 19). At the anterior 
end of the dorsal plate lies the epipharyngeal sclerite. The caudal part 
of the ventral lateral plate is broad but gradually thins away. Near the 
dorsal angular border of this plate an oval opening is often found. 

The pharynx, as in the larva of Musca, has eight grooves separated 
by the bifurcating ribs at its floor. These ribs, differing from tho.se found 
in the Musca larva, are rather Y-shaped, with fine comb structures at 
the tips of the upper proc(‘.s.s<'s. This evidently suggests a straining 
function. The loose membrane attached to the layer of cells covering 
the lateral plate, found by Hewitt in the Musca larva, is also found here 
(Plate LV, 19). 

The e.sophagus is uniform in diameter throughout its length. It pa.si3cs 
through the foramen between th(' cerebral lobes and the subesophageal 
ganglion, leading posteriorly to the provent riculus (Plate LV. 14). with 
which it communicates by means of the (wophageal valve. 

The proventriculus has very thick epiiludium and its shape is more or 
le.ss oval As the jxisterior (‘sophagus telesiajpes into the central core 
of the proventriculus, the huge, cle.ar ccdlsof the proventriculus surround 
this inserted part. .Vt the anterior part of the pioventriculus and at the 
posterior end of the esophagus the epitludial cells are very large. 

The chyle stomach may b(' divi<l(>d into two parts. Th(' narrow anterior 
part is the v'entriculus, while the broader jiostc'rior part is the mid-intestiii(‘. 
The convolution of the chyk; stomach is very complex, d'he antorior 
end, where the four caeca ari.se, is the hro;id(‘st i>art in the entire ali- 
mentary canal. The cpithfdial cells of the ventrieulus are largo. 1 he 
striated appearance, as in the; other dipterous larva, is found on the .'I'h'.'' 
of cells facing the lummi. The mid-intestine has a very thin epiileh'ini 


and the wall of this part in the alimentary canal is almost traii:'|' 
The lumen, of course, is much larger than in the ventrieulus 


I rent. 
Plate 


LVI, 25). 

The hind intestine begins with a very narrow part, then it hio i liiiS' 
but as a whole it is much narrower than th(! chyle stomach, b 
immediately after it corninenccs, at the place where the malpiglno.o n 
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arise, and thou runs poatoriorly toward the last sofinuuit. Tho opitholium 
in thi^ part b('comos thick afrain. At tho tonth and olovoiith segments 
it l)('coni('S narrower, and thon hofrins th<> n'cluni (Plato LV, 14). The 
rectum has a very thick nui.soular wall. Tho chitinous intinia is thick. 
As tho anal opening is ventral in tho twelfth segment, tho po.sition of the 
rectum is almost vortical. 

Tho appendages of tho alinumtary canal. — Tho salivary glands are 
large and tubular. Each one has a narrow duct loading to tho pharyngeal 
mass, urnh'r which tho two ducts unite into oik'. 1'his common duct 
leads forward and opens into tho ph.-irynx (Plato LV. 14). 

Tho four caeca, attached imuK'diatidy behind the provontriculus. have 
abroad base and each is glandular in appear, anco (Plato LV. 14). 

Tho nialpighian tuix's art' very largo tind often twisti'd among the 
cenvohitions of tho alimentary canal :ind tho largt' bit bodies in the 
.abdominal region. There are two pairs, and each pair has a common 
root inserted at each side of the mid of (ho mid-intostini'. The tubes 
con.sist of largo cells with prominmit nuclei (P’ato LVI. 20). 

The vascuhir si/steni . — The dorsal vmssol consi.sts of thi' heart, which 
is postci'ior, and tho aorta, which leads anteriorly from tho heart. This 
vessel Ill's immediately beiu'ath tho skin and ;ibo\’o tho al'Mcntary can.al 
and the four large fat bodies. Tho heart is (ho swolh'ii and oidargod 
part lying in the last four si'gini'iits. Tin* anlmn’or I'lid of tho dorsal 
aorta is hotwoi'ii tho cerebral lobi's of tho brain. 'The heart has three 
pairs of ostia situated latoro-dorsad. They are furnished with valves 
'vhich load from tho body cavity into the hotirt. Iinmodiatoly at the 
anteiioi- end of the heart there is anothi'r jtair of val\ idar (iaiis regulating 
the flow of blood into the dorsal aorta. .Vlong (he sidi's of the heart 
and altached to the ventral side of it an' threi' pairs of wings. Each 
"'•iR has its narrow tip conni'cti'd to (he lateral body wall. 1 he 
PGicardiuni, which forms a narrow sheet along each side of the dorsal 
'e.s,sci. extends through the entire length of the heart and a part of the 
aorta. The extension can be retidily lecognized through tlu' large epithelial 
pcricanlial cells. These cells tin' arranged one tifter tinother at short 
'otcrv.il,-. .along (he dorsal vessi'l. The iiiusch's in the wall ot the dorsal 
'•’s.sel ,ii(. tirrangi'd tninsver.sely and longitudinally, but chielly in the 
Inttei iliieetioii in the aortti, and almost exclusively in the lu'tirt. At 
1^0 jji. i rior end of the heart extend three inon- wings, two lateral and 
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one dorsal; the dorsal wing is attached to the dorsal body wall, wliile the 
two lateral wings are attached to the lateral body wall. I Ik'sc wings 
are, however, smaller. The pericardium is profuscdy supplit'd with 
tracheae (Plate LVI. 3.3). as has been found in other dipterous larvae, 
such as ]\Iusca, Callijihora, P.sychoda, ;ind Anopheh's. 

The reproductive sfi-don . — In the mature larva a jiair of gonads is found 
in the fifth abdominal segment. They an- imlxalded in the fat Ixalii's aiul 
each has its duct leading posteriorly to the vcmtral body wall. TIkw 
are pyriform, and at the posterior (‘iid then' is an accumulation of iinaginal 
disks. The general arrang('ment of c('lls in tlie gonads (Plate L\ I. dt) 
is similar tej that described by \\i'ismann (l.sbl) in the larva of Muxen 
vomitorin, ami according to his description tlu'se gonads are a jiair of 
testes. 


The iuinepHul tlink'X. — The imaginal disks in the larva are of two ki 
the pairerl and the nnpiure<l. The latti'r are insigniticant and (U'vclopnl 
later, while the former are [irominent and jx'rfect in shape as soon as tho 
larva enters the third instar, riie unpaired disks are found in thr 
alimentary canal and in the hypodermis, and they hav(‘ to do with tb 
development of the future' fly. d'h(' writer has not Ix'en able to find 
the hypoderrnal rudiments in his preparations. Ix'caitsf' they are developcil 
after pupation commences, d'hosc' .scattered in the alimentary canal an 
similar in shape to those found in the larva of IMusca. 1 hey aie lixatul 
at the anterior end of the prevent riculus. all over t he mid-intestine, hi hiial 
the base of the mal[)ighian tulx'S, suiTounding the anus, and at the atiii n-i 
end of the salivary glands, as ligured by Kowalevsky fPlate b\ . b 
The paired disks may be again divided into two groups according n* thm 
locations, namelw the ce[,halot horacic ami the alidominal disks. 

The cephalothoracic disks. — 'I'here are eleven pairs of di.-’ks m • 
region. I’hev are the eeniers of devidopment for the dilfeient ]).nt 
the imaginal head and thora.x. and their apjiendages. ( losel> 
to the ceretiral lobes is the pair of optic disks, which are conmii'i 
the lobes through the optic stalks. 'Fhe o|)tie disks are apph> h 
front of the lobes with their [losterior concave surface, while their | 

convex suidace is connei’ted with a stalk leading to the lUib i 
frontal disks. The (wo pairs can be distiiignisla'd in sectioi' 
antennal disk.s, more or le.ss elliptical in outline, lying between ' 
disks and the cephalotiharyngeal skeleton, terminate in clongatio 
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Ipadiii? cpphalad to tho pharyngoal skoloton (PlatpLVII. .'t.")). Ventrad to 
(hose two pairs just inontionod are two other pairs; tlie pair situated 
near the central ganjilion are the iiiesothoracie disks, which will be 
developed as the niesothoi'ax and the middli- pair of lep:s. while the other 
pair anterior to them are tlie prothoraeic disks for the prothorax and the 
anterior Ie;;s (Plate LVII. 36). These latter two pairs are similar in shape 
to each other, each having an elongated stalk leading out forward and 
connected with the ventral hypodcrmis. There are four jtairsof disks on 
the dorsal tracheal trunks (Plate LVII, 37). In each trunk close behind 
the prothoraeic .stigma is the stalkless, anil more or less bean-shaped, pro- 
notnl disk embracing the tracheal stem (Pl.ate LIV. (in In the fourth 
si'iini'iit is a di.sk, the largest of all. known as thi' mexonotal and icing 
liisJ:. Thi.s disk is somewhat pi'ar-shajied. is comiceted witli the tracheal 
ti'uiik, and has its stalk leading forward. Me.sad and ventrad to this are 
two smaller disks. The anterior one is the mesoihoracic disk, and tho pos- 
terior is the mi'tanotal and the hahere (Plate LVII, 3k). To the external 
side of the hypostomal selerite is attaehed an oval disk (Plato LVII. 37), 
and anotluT is attaehed to the internal side of tlie selerite. The fvU’iner is 
till' proboscis disk, and the lalterthe pharytigeal. which can be bi'st seen 
in sections. Hewitt mainttiins tlnit the maxillary disks are small and 
fla.sk-slutpc'l. and are found at tlie hasi* of the oval li.ibes. but the writer 
ismeliiiod to tiiiiik these are probably a pair of sense organs. 

The al)(lominid disks. — Closely ventrad to the reetnm is a pair of pear- 
shaped disks which have been considered as tlii' rudiments of the external 
sciiital appendages. DilTering from what has hi'im found hy Kiinkel 
dHCTrulai.s (1875) in Volucella, the other pair is absent (Plate LVII. 37). 

Hie ])eri])od;il memhntne is thin and trans|iarcnt. When pupation 
commences, the ditTereiitiutioii of (he.sr rudimenis can be seen througli 
Ihi.s deiicat(> envelope. Kacli of (h(> stalked disks has a nerve branch 
^"'1 a (me trachea. The (larts tliat an* .shimtlicd witliin tlii' pcripodal 
rociiibraiie can be readily recognized (Plati* LVII. 39 ;uid 40). 


Wliip. 

hat chi 1,1., 
(ai'Va uc 


Groii'th 

making observations on tho development of the larva after 
molting htis frequently been noticed. .Vs soon as tlie young 
ains its size, about three niillimetoi's in length, the skin splits 
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longitudinally along the dorsum of the second and third segments. ,and 
through this dorsal opening emerges the head of the larva of the next 
instar. The rent here may heeomc much enlarged, extending backward 
as far as the sixth segment, wliile the larva is struggling for liberation. 
It seems that the larva does not encounter much difficulty in slipping out 
of the old skin. Because of its cylindrical body and short prolegs its 
escape is easy. Sometimes, however, the last pair of prolegs causes a 
great deal of trouble. These prolegs are often caught on the cast skin 
with their claws. After a struggle, lasting sometimes for half an hour, 
when the caudal processes have been pulled out, these remain still entangled 
with the cast skin. The larva, as it has sometimes been observed, twisting 
and bending its body, uses its mouth parts to bite this off. In the exuviae 
are found the entiie eephalopharyngeal skeleton, jaart of the alimentary 
tube, and the tracheal trunks from out the caudal proees.ses. 

The writer did not ohsfU've tlie second molting. A premature molting 
may !)e caus<‘il hy subjecting the larva to certain abnormal conditions, 
as once it was done by accidentally dropping larvae in kerosene. Such 
a molt, however, is quite diflereiit from an ordinary ecdy.sis; it consists 
of nothing more than the primary culieula, and the structure.s that are 
cast off sometimes with the ecdy.sis are not to be found in it. 


Instars 

Thf fir-st i)i.''tnr . — d'he newly hatched larva measures trom I to l.o 
millimeters in length. The body segments are very distinct Init the 
caudal proees.ses .are just building out. At their blunt end are cluctiv 
visible the tracheal termintils. The.se terminals are much simpler than 
those founil in ;i grown larvti, luich htiving an opening, latenid to whiih 
are two roughly outlined buiku;. Of the anterior spiracnhir processes 
there is fjot a trtiee to lie recognized during this stage. The l■(‘l)halo 
pharyngeal skeleton is delicate ;ind slender in shape, consisting, id 
anterior end, of a .single piece of L'-sh.aped mandible .sclerito iu>'h 
ing this, a ptiir of II-sha[)«al structures, representing the 
selerites in front and the hiteral pharyngiud plates po.sterioib- 


■up 


art 


mandible selerite and the rest, of the eephalopharyngeal skeleton a 

from each other, but they are coiiiiijcted and articulated with c c h 
by muscles, d'he alimentary canal is a more or less straight 
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the salivary glands arc rolalivply largo. This stago lasts fi’om four to 
fivo days at a room ternporaturo of from 23o to 3.5° f'. 

The second instnr — At this time tho larva is providod with a pair of 
pale, slender, anterior spiraeular processes, the digits of which are short 
and not distinct. The posterior spiracles have assumed the general shape 
that they will hav-e in a full-grown larva, hut are smaller in size. Each 
of them has a chitinous cap with an opening at the center, surrounding 
which are four tubercles. The cephalopharyngeal skeleton is much 
thicker and heavier than in the preceding stage, and the hypostomal 
selerite is now a separate piece from the lateral pharyngeal plate. This 
stafte lasts about four days at a temperature of from 2.5° to 2.8° C. 

The third instnr — The larva lias attained its maximum size of from 
12 to l.'l millimeters in length, 'flie difference in body structure has 
boon (lescribed under Morpholngij^ page .5(i7. Th(' larva completes its 
dcvclojiment and imputes in tiu' course of thrc'c or four days at a temper- 
attire of from 29° to 50° (’. Sometimes under l(‘ss favorable conditions 
this stage may extend over a period of about a week. 

Ohserrntions on growth in salt and fresh iratcr 
The following experiments were performed in the laboratory. Each 
aquarium was 5.5 centimoters in diameter and contained water, salt and 
h'l'sh. with a depth of al)ou( 1.25 centimeters. Water and food materials 
'vere added whenever necessary, 'f'lu' arpniria were in series, placed near 
ii miidiiw and carefully guarded against dirt and accident. 

l^xpirimnit I . — 'I'liree larvae, e.acli of which UK'asured from 2 to 2.5 
u'llliiiictcrs in length, winr iilaced in s:dt water, .\ftor foui' days the}’’ 
ffliusuri'd 5 millimeters each; after five days one of them measured about 
< uiilliiij|.|,.|_.^ jIjj, oilier two about (i millimeters; after seven days 
the laigest one mea.sured 9 millimeters; after eleven days the largest 
'una pupated, while the other two mcasurerl 9 and 7 millimeters, respec- 
t"'!)’; two days later the remaining two larvae pupated. The room tem- 
Pf'iihiiv ranged from 25° to 29° C. 

riiiiint II . — 'riiree larvae of the .same size as those useil in Experi- 
1 \rcre placed in fn'sh water. After four days each one measured 
’'Jilt t milliiiK.tcr.s; after five days they averaged from 1.5 to 5.5 milli- 
after seven days one measured 7 millimeters and died, 
( I 111 ' other two measured about 0.5 inilliiueters on the tenth day 
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and died. The average room temperature was the same as that in 
Experiment I. 

Experiment III . — Four eggs were placed in salt water, .\ftor one day 
one of them hatched and the larva measured 1 to l.o millimeters; latnr 
on the same date the remaining three eggs hatched and on the fifth day 
the larvae averaged from 4 to .5 millimeters in length; after seven days 
they averaged from 7 to 8 millimctei-s; after eleven days one larva 
measured 10 millimeters, a second one measured 9 minimeters, and 
the other two mea.sured from 8 to 9 millimeters and at this time 
pupated. On the thirteenth day the other two pupated. The average 
room temperature was the same as that usetl in Experiments I and II. 

Experiment IV . — Four eggs from two to three days old were placed in 
fresh water. After one day two of them hatched; after four days these 
two larvae measured from 2 to 2. .5 millimeters each; after five days one 
measured 3 millimeters, and the othej-4 millimeters; after seven days the 
other larvae, which hatched out much later, averaged 2.5 millimeters 
each; the one which measured 4 millimeters on the fifth day died. All 
the others died on the thirteenth day. The average room temperature 
was the same as that in the first three experiments. 

In a comparison of the results of the above exixu’imcnts. the striking 
difference in the development of the larvae in th(‘ fresh and in the salt 
water may at once l>e seen. Xone of the larvae could grow well and 
attain pupation in the fresh water with the total absence of salt, although 
other conditions were equal. The larval stage in salt water, under the 
conditions previously stated, lasted from eleven to thirteen days. 
pupation took place much earlier than usual, when the larva was only 
from 8 to 9 millimeters long. This was, perhaps, due to the inoic even 
temperature or other artificial conditions maintained in the laboratory. 

Hdlnti 

Locomotion 

The larvae are always found in still and stagnant water. Their 
modes of locomotion, under normal conditions, .show their adaptation to 
such environments. First of all, the larvae are slow in mo’. 
never darting nor jumping with appreciable speed; in the second place, 
they are awkward in directing them.selves forward anrl turnin” 'hem 
.selves around, never exhibiting any energetic directness. And inm y> 
the larvae, especially when reaching maturity, prefer to remain -^t ill on 
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vocks, lops, or floating leaves near the surface for a considerable length 
of time, without attempting to make a change in place unless compelled. 
Tho locninotion may be cla.ssified into four modes. 

C mu-ling . — As the body is more or less cylindrical and smooth, and not 
equipped with specialized organs for swimming, the larva crawls most 
of the time at the bottom or on some object floating in water. Its pro- 
legs, although short, are equipped with well-developed claws for such a 
purpose. In .the summer season, when it is cloudy, a number of larvae 
are often found crawling slowly on floating logs in the pools or on the soft 
mud bottom in the shallow, seldom disturbed water of the overflowed 
areas. The larva, in its way of jirogre.ssion, much resembles a cater- 
pillar. only that its prolonged caudal jirocess is held upward like a cat’s 
tail, waving around, and sometimes even bending forward to touch upon 
the dorsum. Under bright sunshine, by the sudden brushing away of 
the floating scums, the larvae hiding in the shade beneath are put to 
‘'flight": however sluggish they .seemed, they now begin to crawl faster, 
showing uneasiness under the suddenly changed conditions. This, of 
course, can only be aftrit)Ut('d to the effect of light, which will be dis- 
cus, sod lat('r. The larvae — most of them mature — have been found 
cmwliiig on floating scums. In the laboratory acpiarium the writer has 
sff'ii a N’oung larva crawl into an algal ina.ss. become trapped with the 
filaiiients. and then struggle for frei'dom; l)eing tangled with algae on 
the claws of its proleg, the larva was deprived of liberty, yet, because 
ther(‘ Was abundant food material in such a mass, it probabl}^ did not 
dio, hut attained maturity. 

^u'liiiiiiutg bji iiican.-i of wriggling . — Wriggling is anothi'r mode of loco- 
motion generally employed by the larva. The body of tb,' larva is not 
(’lender, cons('(|U('nt ly its wriggling is not so rapid and vigorous as that 
■0 sonic otlier acpialii' dipterous larvae. But tliis larva. lu’vertheless, 
heads and twists itself frc'clv in all directions. Its caudal process, natu- 
''ally, IS )|i(, iiiost flexible* part, whipping tuul hushing around to help in 
lo(‘()iiioi loll wriggle's sometimes near the surface, sometimes near the 
hottoiii, o|- sometimes between tlie surface and tlu* liottom, in no definite 
diiectioii; l))p iiioi'e frequently it asw'iids and descends in the water. 
*^ft('i' j dioYvi'r or in the late aftertioon of a clear day, a number of the 
br\;(i i)(. v^(>oii wriggling v'ery slowly, each with one side of the body 
'•P'vai- I bout an inch below the surface in oixm water. In wriggling, 
“ts wi'h , 1 , jjj crawling, two or more larvae sometimes hold together by 
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means of the last pair of prolegs, or with the prolegs of one on another 
part of the other, entangled and struggling aimlessly. 

Floating . — The larva often floats itself up to the surface. The larva 
does not necessarily touch the surface, but often stays about an inch 
below. Usually, when floating, the larva has its head pointing obliquely 
upward and its body held, tending or straight, in a somewhat horizontal 
position. However, there is no definite rule as to its position. 

Dropping . — Dropping may take place after wriggling, after staying 
below the surface for a eonsiderablc time, or immediately after floating. 
Sometimes the larva, instead of holding its head obliquely upward as it 
often does, reverses the process in making its w.ay downward. In pools 
I and II, where the water is clear, this mode of locomotion can be best 
observed when the larva is getting near the liottom. Its liody seldom 
touches the bottom, for at some point within an inch from the ground 
the larva will stop dropping and remain stationary, ^sometimes wriggling 
may be assumed at this moment. Likenvise, wriggling may also break 
in midway in dropping, so this mode of locomotion is likely to be inter- 
rupted almost anywhere before the end of th(‘ deseimt is approaelic'd 


Feeding 

Method of feeding . — The larva often crawls on the surface of Heal- 
ing leaves ami stops thfre to fee<l. Its mandibular selerites move 
rapidly, iKUiding back and forth. The head sngtiKmt is (>xtended and 
moves with frecjuency, corre.'.ponding to the movement of the ecphalo- 
pharyngeal skeleton. The mouth parts graze vigorously on tlu? materials 
deposited on the plant surface, and tin? tooth-like structures on the veiitrai 
.side of the distal part of tlx- mamlilxilar .selerites comb up the desirable 
materials. As the larva seldom feeds long on urn- spot, its Ix-ad swings 
freely in all directions seeking a lu-w feeding jrlaci-. While the larva is 
feeding at the surface of open water, tlx- ventral si<le of the first segment- 
inclufling the mouth, is flatly applied to the surface film, d'hc connmnt.' 
of the latter is ficquently disturbed by the Vibration of the ora! lobe^. 
These lobes with their chitinoiis lul>erele.s .si-rve as a sort of iirusb m px* 


ducing little whirling curreiit.s, in which the micro,scoi)ic organi 
involved and brought to the mouth. M(‘anlime the iinx-r, more pe 
tubercles, which .-ire situ.-ited elo.s(? to the oral cavity, swecji 
neously towanl the center. The m:itxlihular ami dental sclciii' 
forward to meet the flowing currents, and rei)eatedly rcla.'c ■ 


m- an‘ 

Miincid 

■iiuitn- 


iiiovc 
I fall 
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hack. This movement is carried on with groat frequency, about two 
hundred times a minute. The current, which earrie.s food materials into 
the alimentary canal, can he seen through the .semi-transparent skin 
A number of air bubbles move along in the convf)luted tract. The larva 
also crawls in the dirt at the bottom, picking up food materials from the 
bcttoni .surface and selecting them from within the mud. 

Sdcdion of food.— Tho food of th.- larva con.si.^ts. iii the main, of micro- 
scopic organism,s living iti the salt water. The green and vellow tinge 
in the pools, and the brown .scums in the overflowed areas, are the chief 
natural sources froin which the larva s.dccts its food. Ahlrich thinks 
that an edga of the Xostoc group, which i.s cumnion everywhere in Great 
Salt Lake, often formitig rotting dcitosits. must be the food of the Ephvdra 
group. In the itools where the.se observations were made, no Xostocs 
have ever been found, but algae of otlua- grouits. triuoii and brown, are 
found in considerable quantity. In the old jx.nls. in which there is now 
verylittlesalt, m.as.sosot I lothrix float in the water. Thi'S(> jdants probably 
funiish both shelter and food for th(> larvae. Mvidruitly the larvae do 
not live on one particular kind of plant material. Be.sides algae, some 
'lecayial loaves, fragments of (hwayed grass snaiis. boards or logs, even 
some microscopic anitnals. such as Proto/oa and b.acieria. may be consumed 
n the larvae. Be.sidtrs organic food, .some inorganic substances, although 
’indesirable, may get in the alimenttiry catial. without Ixung digested. In 
stuthing the food selected by tin' larv.ae. lw<>nty aliuK'iitary canals have 
JPcii dissc'cted and e.xamincd in th(' field itnder tht' microscope, and also in 
laboiatory immediately tifter the spt'citiums weri' brought in. The 
•natdials constituting the stomach eotitetits, that ;tre recognizable and 
nentifiablc, are listed ;us follows: 
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III addition to the natural materials selected hy the larvae, different 
kinds of foreign food — ^ foods not fount! in their natural habitat — were 
used to learn what kind of plant materials would serve as the most favor- 
able food to them. The water taken from the pools was filtenai in 
ortler to eliminate any natural food. The four kinds of foreign food — 
(1) eornmeal. (2) green grass. (3) broad leaf plantain, and (4) alfalfa 
meal — were jilaeed respectively in ftiur aquaria. Mach aquarium had five 
Larvae measuring frotn 7 to 8 millimettu's in length, .\fter five days the 
larvie in th(' first two atpiaria all die(l. After two weeks, two puptie wi ie 
found in each of the other two atpiaria. .\t the end of thn-e weeks, thnr 
adults atid tme pupa were found in the fourth atjuarium with the alfalfa 
meal in the water. 

Rcspirntion 

In respiration the larva sticks out its candid proee.ss to indent the 
surface film. The spiracle meml>runes Hatton out on the water surface, 
resembling the leaves of Marsilea. and the spiracles opcui to the air. 
Meanwhile the larva is fiaaling on plancton organisms, as indicatol 
by the frerpient mo\'ing of its mouth parts. After a whih' it withdnws 
it's caudal tips from the surface film. It oftim napiires considerable effort 
for the larva tc» pull them down into th(' water. L rfapumtly the lana 
hangs .suspenrled close underneath the surface, swinging its boily back ami 
forth trying to overcome the adhesion between the caudal tips tind the 
surface film. The grown larvti is :d)l(' to ndievt' ilstdf sooner or Liter, but 
to a comparatively young larva this attachment is a consttuit soiiin of 
peril. t)n one occa.sion the writer found five young larvae, holding eiic 
another together with their last prolegs, htuigitig below the surface hclp- 
les,-ly. In failing to swim they all die<i about a day later. The writer 
rorkfvl an oi^ht-nuncf bottlo fillod with salt wat(‘i in 

were a few larvae. \ Lirge air buiible wtis unavoidably left on thi hih h 
surface of the cork in contact with the wider. After five or sin iH'ni'J 
most of the lannie came up, getting around that large' bubble, and 
there until they pujiided. At another time several larviie were 
at the Ixittorn of iui aquarium, a piece of wire gauze being plac< . 
way between top and bottom; the larvae thus barred from readueg i 
surface were suflo'cated. 
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FlO. 73. RESPIRATION ACTIVTTT 
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The writer observed the following interesting phenomenon relative 
to respiration. The water in the aquarium was thick with microscopic 
organisms and was greenish in color. Each of the several larvae crawling 
at the bottom had a bright silvery air globule attached to the caudal end. 
The size of that globule was as large as the head of the larva. Soon the 
globule became larger, and the larva floated up with it. As the larva 
touched the water surface with its caudal end, the silver globule suddenly 
burst and the larva immediately sank down to the bottom. Sonietinies 
it took about ten or even thirty seconds for the larva to break the globule 
after it reached the surface. While the larva was in its course toward 
the surface, it lay straight, curletl obliquely, or wriggled and clasped 
another larva with the last pair of prolcgs. But whatever the position 
or movement the caudal end was always pointing upward. The air 
globule began to form when the larva was sinking down halfway or some- 
times very near the bottom, and its size continueil to increase there- 
after. After the larva hail crawled along at the bottom for about o or 6 
centimeters, the globule gained its full size and the larva was ready to 
float up again (fig. 73). This rising and sinking of the larvae kept them 
restless and gave the aquarium a most lively appearance. It is be- 
lieved that such action as this takes place only when the conditions in 
the aquarium are getting abnormal and unfavorable for respiration. 

Preference for stagnant nnd sltnllow nutter 
The conditions at the pools and oviuflowed areas are, throughout the 
season, admirably favorable to the life of the larva. It prefers stagnant 
water, because it wriggles and suspends itself under the surfaciy anu, 
because of the absence of specially adapted apparatus, it is unable to 
gain foothold or to pursue its course in rapid streams. The larva pre- 
fers shallow water, because it is easy to reach the surface, whiuc |■(‘.spl- 
ration takes place, and because the floating .scums offer food supplies. 
The [XJols have no outlets, and the water, which is accumulaiid lion* 
rains in the summer season, remains permanently still and hii' 
exceeded 40 centimeters in de|)th, .so llial the development of thr Iiii'n 
life h(“re is mueh favored. The presence of larvae in groat nuiubtism 
dieates that the.se pools serve as an excellent habitat. At dilfen i'' 
of the season the salinity and density of the water vary greatl.'> 
of the pools have a sudden decrease of larvae owing to the ovei-"'i* 
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of th('S(' two factors, l)ut the stagnant and stiallow conditions, neverthe- 
less. remain over favorable to their life. The existing conditions at the 
overflewcd areas. lik('wis('. give a good evidence of the larva's preference 
in such a habitat. The water in tlanse areas, like that in the pools, 
is ahvays still and never more than 10 centimeters d(>ep, and here are 
found ihe larvae in gnait abundance'. ( )vcr the surface, thick brown scums 
for shi'lt('ring and feeding make anotlier favorable addition for the 
inlrihitants. 

The running water in a narrow creek near this location has not been 
pennancntly iidiabited by the Hphydra larv;ie. Once or twice, after 
several days drought, when the w;iter was reduced to a low mark and 
iM'eanic fairly stagnant at its shon'. ;i<lulls Ix-gan to gatlu'r mound and a 
few young appeari'd. crawling at the muddy IxUtoui. But not long 
afterward, when a lain brought tlie w.-iter up to its original depth, flies 
were no longer abk' to alight on tlu' surface and all the larvae disappeared 
ill tile rapid currents. In the* pools, tlu' ditchi's. and the overflowed 
areas at the stilt works in Syrticusi', similar conditions exist. At ditfi'rent 
points where tlu' wtiter runs in ii low stretim. sonii' lar\'ae wen' found 
ilriitiiig along without being tdde to m;ike a stop or to din'ct themselves 
to shift to ;i favorable r('<M'ss. 


Prcfereiici for salt wah r 

^uiieial lamje of pi /'cciita(i( .s oj salt in i/'uti r.- — Some marine tuiimals 
plan (1 ill fi(>sh wtiti'r havi' theii' bloo<| and body fluid disturbi'd through 
o^iiiutic ])r('.SMire: eoi!S('<iuently death m;iy ('usui' befon' osmotic equi- 
tiiuiii is cstablislu'd. ()n the (itber liand. it tlu' iierei'utjige of stilt in 
Ao w.iiei i.s greater than that m the tmimtd's blood ;md b-nly fluid, the 
saitK nmy tollow. So neither hvi)crt(!nie nor hxqiotonie solution 

■ suit, il lie foi' (1)(. larvtu' to live in. but between them there is a gi'iieral 
ol percentages of s.ilt tluit serves as ii:i o])timal medium. To this 
^^^bSKiogicjii j,., lai'gely due [|i,> distinction in adtipttitimi between 

^ fresh-water tiniimds The fid'y grown htrva of Ephi/ilra 

does not seem to i>c mtitciitdly atfected by either salt 
j, ' '^ater. It is partly due to the circuiiislanee that it has stopped 
P i'"" 'l"'ii nupation is immini'nt , and |)arlly due to the eonditi(>n of tlu* 

: ' '^h'lhieh is gradually haialening to a pupaiium and has Ih'coiih' 

Ihus the larva has bo'cu cnableil, to a cerltiin extent, to 
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stand the unfavorahle external medium. In proving this the writta- had 
several grown larvae kept in fresh water, which pupated afterward without 
difficulty. 

Young larvae of the first and .'Second instars, however, require salt water. 
None of the young larvae placet! in a fresh-water aquarium for a period 
of three days survived, although food was provitled. During the growiiii; 
period the larv’a retpiires conditions near to the normal — that is, a rang' 
of percentages of salt in water, within which only a little osmosis takes 
place between the external and the internal medium. In solving the 
problem of that general range, four stUs of experiments were perfoniied. 

In Experiment I, the young larvae were able to liv(' in the water having 
low percentages of salt, while the older ones thrived better in the water 
of higher .salinity. In Experiment II, most of the larvae could live in 
the salinities ranging from 1 to S per c«'nt. Certain chemical substances 
dissolved in tap water may have had .som(“ effect, to a certain extent, upon 
the larvae, yet the results are plain enough to indicate their adaptability 
within a fairly wide range of different strengths of salt in water. In 
Experiment III, those larvae living in water having a .salinity of from 1 
to 9 jx'r cent attained full growth anil (Uipatful. while tliose in a 
salinity of 10 percent died one day afterward. 'I'lic fiict that lO-per-cent 
salinity is the maximal limit, beyond whi<'h no lai va could !iv(‘, i.s well 
shown in Experiment I\’. (“ven in the case of ((anparativf'ly mature larvae. 
It is difficult to rear larvae of the first and .second instars in salt watu 
prepared in the laboratory; but in the water collected from tlm pnnb 
it can Ire done easily, even through all the stages of a complete life 
cycle. This difference may be due to the foreign food u.sed, .such fooil 
being less nourishing to the young larva<! than tla; natural, i' 

also due — {x-rhaps chiefly — to the enriching nitrogenous suli-^laiice.' 
brought to the [xx)ls through animal pollutioti. Such substance.^ an 
entirely lacking in thr; laboratory a(|uarium. But in s{)ite ol ili'.' 
complications, most of the larvae di<l liv(! an<l attain maturity witlim^ 
general range of .salinity of from 1 to 9 jam cent, as shown in 1 1'" 


exfX'rirnenl.s. 

Carrey (lfX)4) .says, “A dilution or concentration of the aquarium 
always caus<’s an equivalent in the blood of the invert(‘brates, ami 
equilibrium betwf|en the ‘ exf<'rnal ami internal mc'dia ’ is estabu » 
In the pools the .salinity vari(;s from time to time; rain ofttui 
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and drought raises it. The adaptability to such wide range in salinity 
enables the larvae to survive in frequently ehangt'd conditions; and the 
freciuent variation of .salinity in the season favors the larvae in one way 
nr another during different instars, and, as a whole, gives them plenty 
of chance to avoid fatalities. 

Migration experiment . — Th(' physiological significance of the larva’s 
preference for salt water has bi'en shown in the last paragraph. Such 
preference can be shown by its behavior (‘(pially well. On this an experi- 
ment was performed: In a metal plate having two series of compartments, 
each series was prepared as miniature aquaria by filling with fresh and 
salt water in alternatt' order. In each of the atpiaria containing fresh 
water, six larvae were placed A narrow piece of cheesecloth was placed 
as a bridge between each two adjacent compartments, with each end 
reaching as far as the center of the bottom of <'ach aquarium. The gentle 
slope along the cheesecloth immersed in lh(> water afforded the larva a 
path for climbing over the bridge. Just one day after they had been 
placed in the aquaria fourteen of the twenty-eight larvae migrated to the 
salt water. Later th(' fresh water unavoidably became salty through 
the capillary action in the chc'eseclolh. but the rising salinity in the 
salt water was checke<l to a certain (‘Xtenl by a little fre.sh waiter being 
dropiK'd in from time' to tinu'. lunally two larvae migrated back, while 
the other twelve remainmi. q'tu'si' obsi'rvations are jK'rhaps too few 
to warrant drawing conclusions, but it may be .assumed that osmotic 
pressure acts exteitially and internally, and that it is a constant stimu- 
lus to the larva wlnui it is subjectial to a hypertonic or hypotonic 
solution d'he larva is smisitive to such difference from tlie twm media 
through cijiitact with tin' external medium by its body wal' as well as by 
Its alimentary canal. .Moreov<'r. e#’n wathin such range (1 to 9 per cent) 
as previously mentioned, in which llu' larva is alile to li\'e. there is still a 
hirthei preference for percentage of salt as an optimal range for each 
individual larv.a, or at le;ust for ettch instar. as shown by the larva’s 
niigraling b.aek to the water with a salinity of 4 per eent from that of 
hperr,.,,!. 


Ufhe . iiiflurncing hnhita 

of nir . — The l.arva is well equipped 
®hu('uies that enable it to staml some of 


with particularly developed 
the unfavorable conditions 
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to which it may ho aocidontally suhjoctod. For example, the thickened, 
impenneahle body wall of the mature larva, as already discussed, has 
enabled it to survive and attain pupation in water with a total absence 
of salt; the convolut(xl alimentary canal stores enough food for tlie larva 
in tiding over a period of starvation, when it happens to face scarcity of 
food in the water; and, likewise, the larva owes to its complex tracheal 
system its ability to stay at the bottom for a considerable length of time 
without obtaining air from the surface, when the conditions there are 
unfavorable and abnoiinal. The writer has not been able to observe 
the effect of total absence of air ujion the larva, but inability to withstand 
deprivation of air has been tested in the following experiments, in each 
of whi('h a glas.s relaxing jar 7 centimeters in diameter and 5 centimeters 
in d(‘pth was list'd as an aquarium. 

Expt'riment I. — Four larvat' w’cre placed in water 40 millimt'ters deep, 
with a kerost'ne hiyer .5 millimeters thick. .Vfter twenty hours out' larva 
was dead, and three were alive but moribund, and with air bubbles at 
the camlal tips. 

Experiment IE — Four larvtie wi're placed in water 40 millimeters deep, 
with a kerosene layer 4 millimeters thick, .\fter twenty-two hours two 


were dead, and two were alive but moribund. 


Experiment III. — Fttur larvtie were pi 
deep, with a thin kerosene lay«T. \fter 
were all tdive; iifter forty-six hours they 


tieed in wtiter 30 milliiiiPtcrs 
twenty-four hours tli(' larvae 
wi're still alive hut moribund. 


and some of them h;id iiir bubble's at the etuidiil tips. 

ExpiTiment IN'. — Four larvae were ph-tced in wiiti'r 20 millimeters 
deep with ti very thin kerosene film, liarely enough to cover over the water 
surface. .Vfter twenty-four hours all the hirvae were alive; after foit>-si^ 
hours one was dead, and three were tilive but moribund, iUid with air 


bubbles at the caudal tijis. 

In these ex[)eriments the larv'ae were depriveti of a chance to i 
to an open surface for respiration, and the air in the water m" 
wa.s verv much limited in amount on account of the small v" 
the aquaria. The great complexity and rich ramification of th' 
branches must entihle the larvae to store enough air to sustain th 
4'he length of time through which (hey lived is diri'ctly pri'p'" 
the fiuanfity of water from which they could gather diasolvi'l 
inversely to the thickne.ss of the kerosene layer, which, thou. 


•nine up 

Icnicuth 

lunic of 
iiacheal 
II lives. 
I.illill to 
,)■. and 
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mixed with water, may eoiitamiiiale it to a certain extent. The writer 
obhci'vi'd that when some larvae laaiclied the top layei' of the water, with 
their caudal tips in contact with the Hoatiiif^ oil. tluw .s(>emed to be repelled 

hy it. 

In the pools and overflow<'d anais llie water often has Rreasy films 
ppread here and there upon its surface, but there are enough exposed 
an as that give the larvae a chance to come uj) to the surface for respiration. 
Furthermore, the (piantity of water underneath the films is sufficient to 
keep iiiueh oxygen in solution. 

Trmpcrnture. — Throughout tlu' .summer tlu- average temperature of 
the water in tlu' pools is 25° ('. Taking this temperature as a mean, 
the writ(u- subjected the larvae tet vaiious thermal conditions in order 
to find out how high and how low a temperature they could stand. In 
an a(iuarium i)rovid(Ml with suitable conditions, two larvae were kept in 
a teuipei'utun' of from 27° to 23° ( '. Tluyv livaal tlu'rein perfectlv wall. 
Foedinu, wiaggling, and crawling, as u.'^uai. they did not show any 
dianp' in habit for fourt(‘en hours. .Vfterward the obs(>rvations wi're 
infei'i'upted. 1 he t(un|)('rature was tlx'ii raistal to from 35° to 37° C’. ard 
two larvae wx're introduced into tlu* afiuarium. where they w(>re found 
alive after eleven hours: but after nine mon* hours they (li('d. When the 
teniperaMire was raised again, wavering between 3S° and 49° the 
larvae uaiggled vigorously, ('ontinuing to live for two hours, tlu'y wen* 
'aiii()\-eij to auotliei' aquarium, in which the ti'inperatun* permanently 
ieui,>ieiv(| 12 ( '. 'I'lu'ia* the two larvae dii'd within thirty minutes. 'Flu's 

"'■'ai rejieated by [ilacing two fresh larvae in a third aciuarium 

"I "liu h the teinpc-rature varied lietween 40° and 44° ( 'Fhesc* larvae 


within OIK* hour. In addition to this it was found flat two grown 
aivae (lid i||,( thirty minutes under a temperature of 

leiii I,, In ll)°(\ "FIk. writer conclinh's that a ti'inperature of about 
^ ■ I' the highest limit tlu* larva can staiul. 

^ I " exhiliits a remarkabh* ;d>ility for enduring low ti'inperatures. 

‘UN, I Was placi’d on ici* for periods ol ten. twent.v, and forty minutes, 
"OIK hour, and at tlu* ('lul of each peiiod was n'lnovc'd to water of 
' feniperature. However paridyzed tlu* larva w;is while staying 


o'lnperature. However paridyzed tlu* larva w;is while staying 
' W()uld soon recover and become livi'ly again aft ,*)' a h'w seconds. 
'■0 vac were kept on icc* for twelve and tw<'nty-four hours, n'spec- 
1 l‘"iigh tliey seemed dead while on tlu* ice, each was found to 
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be alive when replaced in water of ordinary temperature. It is safe 
to assume that the larva can live in water at the freezing point for a 
still greater length of time, if no other detrimental factors are involved 
Light . — In order to minimize the influence of temperature, the experi- 
ment hliving to do with the eflfect of light wa.s performed outdoors on 
a sunny afternoon in the latter part of October. The temperature on 
that afternoon registered 14° C. Twenty-two larvae were placed in a 
dish 14 centimeters long and 10 centimeters wide, containing water about 
2 centimeters deep. A piece of hoard covering about two-thirds of the 
dish was laid over the top to produce a .shade, ruder bright sunshine 
the larvae had crawled around in water, but about h:df an hour after the 
shade had been placed over the dish, fifteen of the hirvae came under the 
shadow. The board was then removed, and the dish was slightly jarml 
in order that the larvae might bo eveidy distributed. When the shaib 
was again replaced, similar re.sults happeiu'd within half an hour. Thi-: 
time six larvae were crawling in th(> light l)Ut all the others had gone into 
the shade. Then the dish was turned around ;ind the formerly sliadoil 
part was now exposed to light. .Vt the* end of h.alf an hr>ur twelve 
larvae came fpiite to the end of the shaded part, two stopped at the 
mirldle, while the r)thers were (mtanglcd together ami with some plant 
materials in the water, and were moving back and forth at the bmdei' 
between the light and the shade. According to tlu* behavior of the 
majority there seemed to be a general tendmic} among the larvae to evade 
light. 

At noontime during miclsummer the larvae living in the overllo'.ved 
area.s were found hifling thcm.s('lves under the floating scums. In the pool' 
they stayed at the bottom or at a con.siderablo distance below the siiilaci'. 
Thi.s may have been due to the exce.ssive hr-at from the direct rays ol tho 
sun so that light alone may not htive been solely resfionsibh-. in d*'' 
latter part of October, over a great jiarf of the fjverflowed areas nuiiierou?’ 
larvae were aggregated along the sid(' when' tlu' water was expo-ed to 
the morning .sunshine, while at the other side, where the della deposit 
produced an extensive shadow over the water, very few were found, lb 
larv.ae were attracted probably by the warmer temperature in i h' 
ing, after they had f'lidured a frosty night. 

Deniccation. — The larva c.an st.ay out of water for a eonsidera! !' lintOj 
provided thi; soil retains enough moi.sture. In midsummer, "i'" 
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weather prevails, the water in the overflowed areas is rapidly diminished 
by evaporation and a groat number of larvae are left on land. They 
slugfli.dily but steadily crawl about, seeking reces.ses in the soft mud. 
They come to some rocks, pebbles, sticks of wood, and the like, that 
are scattered here and there over the areas, and hide underneath. 

Large numbers of larvae staj' quite away from the shore, in the deeper 
water, and retreat with the receding water into deeper parts until 
finally the water is all gone; then they embed themselves in the soft mud 
and their dor.sa are covered with dirt and scums. Such a covering is a 
great protection to the life of the larvae in dry weather. Two or three 
(lays after the water had receded, a larva was picked up from the mud 
or from the underside of a log or a rock and placed in water. It was found 
alive, crawling and wriggling as u.sual. 

In midsummer, showers or gentle rains frequently flood the temporarily 
dried areas and the bottom mud bccoiiK's soft. Both the hidden and 
the embeddeil larvae begin to craw!, often producing long trails on the 
surface of the mud by tlu' scratching of the hast pair of prolegs of each larva. 
These trails are numerous, and are arranged irregularly and often of 
considerable length. They look like the prints made by pressing a bunch 
of twisted threads on the mud. In the laboratory some mud brought 
from thi‘ salt pools was entirely drained of water and a number of 
larva(‘ were placed in it. Th<\v behaved just as those had done 
outdoors — that is, hiding thein.selves under pi'bbles .and embedding 
thcmselve.s in the mud. .Vfterward, larvae picked up from the mud and 
ph'ccd in vvater wert' alwavs found to be alive. .Vt tile mid of the fifth 


day, they were found dead in the thoroughly dinhal mud. With such 
ability lor resisting desiccation, tlic larva has much chance m got through 
a di'oimrbi [(jng. The mud in the overflowed .areas 

IS alw:i\s moistened by dews at night, and as long as moisture is present 
'*> die mud till' larva will he abh* to live, ('onseipiently, throughout the 


si.i.soi] vi ry few larvae havi' been found killed by drought. 

boo ;///, - In summer and fall, when the larvae are active in swimming and 
I'ciliiiu, ilicy oftmi float up to the .surface and stay there for some time, 
j ii'-c easily, hut go to the bottom only with considerable effort. 
*' bboratory, when a grown larva is transferred from one aquarium 
j d .seldom goes to tlu* liottom; it is often buoyed up again 

^ di 11 !ias bi'en forced down. 
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In an aquarium with several larvae at the bottom, a piece of narrow 
board was placed at an angle of 60° with its upper end projecting slightly 
above the water. About an hour later two larvae had climbed to the 
top of the board, three were halfway up the board, and one was starting 
to climb. Am electric light was then turned on and held about 13 centi- 
meters directly above the water surfat-e. .\11 except one of the larvae 
started to go to the bottom. Then the light was turned out. At the 
end of an hour two larvae were climbing again, one of which was 
very close to the surface of the water. In repeating this experinient 
several times, whenever no light was lianging there the larvae steadily 
climbed toward the surface. Sometimes even aftm- the light was turned 
on, they refused to go down but hid themselves in shade on the lower 
side of the board or under some floating leave's. The writer has frequently 
noticed that in the pools under the sun’s flirect rays the larvae hide 
themselves under floating boards, scums, and the lik<', in order to stay 
nearer the surface. 

Mechnnicnl injury . — The larva has been found incapable of rc'gein'iating 
any part lost from its proleg or caudal process. Chitting olT the respiratory 
spiracles interferes with the normal process of respiration. < Iwing to 
the amount of air stored in the richly ramified tnicheae. the larva is able 
to live for a short time. In one instance the larva died soon after cue 
of the oral lobes was snipped off. 


THE Pt P.\ 


Pupation and pcrchimj Itnbil 

WTien the larva is ready to pupate, it apjiroaches some oltjcct and 
grasps an edge with its .sixth ami eighth pairs of [irolegs. At ihi^ time 
it eea.ses its activities in feeding timl swimming, the larval skin gradualh 
hardens, and the wrinkles on it disappear. Its color becomes (hnki'rand 
darker, until it is homogeneously brown, d’he lietid region, im hidiiig thr 
first four segments, becomes ilepres.sed or slightly concave on tb 
side and convex on the ventral si<le. 'I’hus the outline re.^end 
of a shovel, but it is slightly narrowed towai'd the tuiterior i 
pup.'t perches rigidly on its .support (Iflate LVII, 43), .seen!' 
transforming jK’iiod. It is hard to remove it by jerking 
X great number of pupae may lx- found jxTching side by side 
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a cord, or any othor object, either immersed in, or exposed outside of, 
the water. All will, however, live through the transformation period. 
Failing to find any other object of attachment, a larva may grasp the 
rlorsnni of another larva’s abdomen. Three or four, or even more, may so 
hold together and diift around in water. 

The spiracles in the prothoracic stigmas and at the caudal tips are 
^till functional after pupation has commenct'd, and continue so until 
the internal metamorphosis is completed, when the tracheal trunks beconu' 
atrophii'd. The air stored within the puparium will be sufficient for the 
needs of tin' ])upa for the time being. When th(' ]nipa matures and more 
air is needed, the adult will emerge. 

The puparium is brownish, with pigmented siiots on the ilorsum. A 
(vell-pronounced edge is formed around tne margin of the anterior end. 
The prothoracic stigmas now stand out lateinlly. Each is conspicuous 
ivith its four digits. "I’lu' branches of tiu' caudal process diveige laterally 
instead of ])ointing straight backwiird (l’lat«‘ lA II. 12). Wluui the pujia 
matures, its body contracts iind sciiaratc's from the wall of the jnpiarium. 
The pupa is (uiveloped now in a transiianmt membrane. The head 
i.< broad, with two sm.all aritfumtd tubiu'cles ;md well-shapc'd compound 
eyes. The proboscis is flattened in a Inmeate jiieee closely overlapping 
‘he coxae of the anterior h'gs. All thrc'e ])airs of liygs are elosidy ju’essed 
i’entro-latei'idly. T'lie wings tin' enslu'athed by membranes, through which 
he convolutions of the veins tire visibh'. Closely cephaltei to the base 
tf i nch wing there is ti brown, knob-sliaped spirtiele il'late JA 11. 41j. 


Leiitjth (if jiuiiiil iMi'Kid 

The length of the luipai periml varies gretitly. T'lu' amount of food 
•hat the hirvti has ttiken Ix'fon' puptition, the loctition thtit, tlu' pupa 
''cks, ti'nijjerature ttnd moisture, rain and sunshine, tind the stilinity and 
the density of the wtiter — in other words, l»oth tlie internnl and exti'i'iial 
••oiiditions — htive eoiisiderable influetiee upon tin' devi'lopiiu'nl of the 
papa. Ihipation ri'eords made in the hd'oralorv tire tis follows: 


of pujiatioii 

.bile. 29 

•biiM ;i() 

■Ini 2li 


Kmergi'iiee of adults 
.luly 10 
•luly 0 
August 4 


Number of days 
11 
t) 

9 
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Beginning of pupation 

Emergence of adults 

Number of da 

August 2 

August 4 

2 

August 4 

August 13 

9 

August 8 

August 13 

5 


According to the foregoing data, the length of the pupation ix'iiod 
varies from two to eleven days. In the field, during hibernation, the 
period e.xtends over four or five months. 


Relation to eneironment 
In different kimls of ■■'•olntion.'^ 

A number of pupae were kept at tlu> bottom of a salt-water aquarimn. 
Within ten days many flies emerged. The emergence of about the same 
number of pupae’ kept in tap water took place* much later. In .a-jeer-teiit 
formalin, adults erncrgeel from the' puiKiria fleeatiieg on the surface', hut 
'in kerosene all the ptipana sank to the bottom and none of the* pupae 
developeel. 


When exposed to air 

Freem the’ salt peiols a stick of wooel with nume-rous pupae attache’ei wa? 
brought into the laborateuy. Befeere’ the l;ibe)r:ite)ry was reached, ;i fc« 
flie’s emerge’el. Meere e’e)ntinue'el to e’merge* in the hiboratory l)('fort> this 
piee-e of woexl be’came’ euitire’ly eley. 


Effect of excessiir heat 

High temperature, within :i e-erlain limit, faveers tlie> eievf’lopnicnt eh Ae 

pupa anel ha.stens the eme’rge’ne-e- of the iulull. During the 
.July the temperature in the; lal)orate>ry re-gist ere’e I about dU ^ 
pupae’ kept in the lalwrateery eliel not sheew any unusual spe-e-el in ^ 
me-rit. After se-ve-ral elays e)f ..sunny we-ather, the- te’inpe’rature’ los' 
re-giste-ring be-twe-en .‘J9° anel 4(F ( . at nexeii. Lnele-r e-ae-h e»t tin 
jars, frejrn twenty-two to 1 we-nty-femr lialf- eer full-grown ", j 

1. At the- enel ejf the- first eiay. freem thre’c to five' ada ts 


ph 


:ht: 


emerged in e’aeh jar; two el.ays late-r the number hael ine’re’a,se’d to si'- 
anel at the enel ejf the .sixth elay, to fifte'e-n eer twe’iity. This is 
the- highe-.st tempe’rature the; pu|)ae; e-oulel stanel in the pre’se’ne i ' ' 
ejf moLsture. In order that this a.s.sumption might be vcrificel. 
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number of pupae were kept in bell jars in a grt'enhouse where the tempera- 
ture refiistered 45° C. between 1 and 2 p. m. In this experiment all 
the pupJif' 

THE ADULT 
Emergence 

The transformation to the adult statre was observed in the laboratory. 
The flv came out by breakinj? off th(> oval disk of the dorsum at the anterior 
part (if the puparium. It struggh'd at the opeming of the pupal case, but 
finally emersjed without much difficulty. Each of its h'gs wrinkled like 
a French curve', and its ptilinum Indged like a glass globe. The ptilinum, 
with its somewhat imbescent surface, ('xpanded and contracted at short 
Intervals for about thirty minute's. 'I'he ptilinum then sank into the 
head, leaving a transverse' cavity in the' fre)nt. The sinking was graelual, 
and the ptilinum was pushed out again se've'nd times, but each time the 
pushing wtis we'ake'r. I'inally the' e-avity at the' front was gradually 
narrowed to a very thin cle'ft. 'The' fi.v meeve'd areumd eni the water sur- 
face .and freepiently rublieel its abele>me'n with its liind li'gs. .\bout a 
quarter of an lienir late'r it be'gan tee rub the' tijis e»f its wings. Through 
constant ndibings the' wings be'gan tee expand at their tips, until they 
heeame straight e'ne'd and entirely spre.ael. The fly then gave a few more 
strokes and w;is reaely feir flight. 

Eooil and feeding habits 

The alimentary canals of ten flies were dis.sected and examined. The 
contents consiste'd almeist e'litire'ly of ('hlamydeunona and Xavicula. 
bacti'iia. .Mastigophura, and ine)rganic inate'iials ^ere' found only occa- 

sioiiaH) 

hphil,lrfi mdmpaca fee'els in the same manner as eloes the house fly, but 
if'stiiii; i]ii water, on the floating .scums, on leaves and the like, in the pools 
or.m the surface of .soft mud. 

Ereferenee far siognant irater 

A cii!iii water surface is most favorable for flies. They do not fly any 
^onsi(li i-,i,](, distance, and nev'cr higher than a foot above the surface; 
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neither do they hover over the water surfaee and dance in the air. Rapi(] 
streams are unfavorable to them, and they shun even slow-running rnrrents 
Because of the rijiples at the .shore, not a single fly wa.s found in the lake 
regardless of the ])ro.\imity of the pools and overflowed areas. 

Factors affecting the adult 
Absence of salt in water 

Unlike the larva, the adult does not reipiire salt; it lives on the surface 
of salt water, hut it lives on fresh water also. In the laboratory, adults 
were often confined on the surface of fresh water immediately following 
their emergence. Food was provided, and the flies lived, in most cases, 
from six to twelve days. 

Heat 

A newly emerged adult subjected to a temperature of 36° C. in the 
greenhouse died within three hours. A .second one. kept in the same 
confineimuit but at a temiieralure IxUwcen 25° and 26° lived until the 
next afternoon, when the temperature suddenly rose to 34°. Th(' conditions 
here were, however, different from those outiloors. fl'hen' was no shaile 
for the fly to seek and no current of air, ami the fly it.self wa.s de[)riv(‘d of 
liberty in changing from one pl.ace to another. Therefore in tli(‘ field a 
temperature of 35° might not have affected it fatally. 

Rainfall 

Excess rainf.'dl is beneficial to the adults in that it widens flic water 
surfaee of the ovruflowecl .areas, maintains the normal salinity in the pools, 
and eliminates the etuinee for the loss of the natural habitat. 

From the data gathered during the months of June, July, and .kugust. 
in the two years 1916 and 1917, it was .seen that the nunibei- of Hies 
materially inerea.sed during the periods of greater rainfall. 

Frost ant! snow 

Unless frost is extremely heavw, it has very little effect on t u o( 
flies. In September, when the frost wiis light there was not itiin n ' 
in the number of flies in the fiehl; but later, when conditions were inllcici 
the following records were obtained: 

Novernlx'r 1. Considerable frost; no dead flies found. 
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X()Vcnil)or 2. ronsidorablo frost; flips vpiy scarco in the pools, but 
iiumPi'oiis in the overflowed areas. 

November 5. Very heavy frost and thin iecy fli('s on ice hardly able to 
move when turned over. 

November 7. Heavy frost, and warm, hrijiht sunshine; flies lively, 
stayins on icy; si.\ m'wly emeifred fliivs and tliree mature flies died. 

November 22. Frost and snow; two mature adults found; one newly 
emerged fly died. 

November 2S. Snow; no flies found. 

Mating 

.Mating was observed on .June 30. The male frequently jumped upon 
the female, trying to mate, l)uf such attempts often resulted in failure, 
the female bt'ing unn'sponsive. He* elaspcal the front of the female’s 
lipad from behind with his front h'gs, while tin* middle logs Indd onto her 
niesothorax and his hind legs onto the p<»sterior third of her abdomen. By 
holding lier fast witli the two ant<M'ior pairs of legs, his hind legs wi're then 
ahle to move f reely, rid >1 ling on t he femal('’s genitalia ei mt inuously for about 
thirty seconds, 'riu' female then turni'd the lip of lun’ abdomen upward. 
The in!il('’s abdomen was lield in its usual jiosition while a slender and 
pointed petiis was protruded downward tind inserted into the genital 
opening of the iVmale. Copulation thus took place and laste<l about four 
01’ five minutes. ’I'lien tli(> penis of the male was drawn out. exposed for 
iiivhile, and was finally witlalrawn info his alxlommi. IIi' remained on the 
twnale for fl-w minutes Ind'ore jumping away, lait at times the male 
huslieeti noted to hold the fimiale under his feet for more than an hour. 

THE ECO 
(h'iposition 

bviposiiioii seems to be ,a very brief procedure. The w'riter observed 
0 Miigli Icinale oviposit seven times witliin twenty minutes, fvieh time 
0 angle ( eg igj,j „„ surfaei' by the femal('’s merely touching 

'• hill,' With her ovipositor. The eggs thus laid immediatidy .sank to 

'ho 1)01 I niig 

Description 

*0 ' -’g is elongated oval in sha|xt and inea-sures 0.9 millimeter m 
‘ both ends are practically equal in breadth ami the egg is slightly 
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curved at the middle. The anterior end has amicropyle (Plate LVII. 44 ) 
The ehorion is grayish white, hut sometimes slightly pink. The surface 
is reticulated with hexagonal markings. 

IJ (ticking 

The egg can hatch in s;ilt wat<'r. in lake water, or in tap water. Tem- 
perature has marked influence on the development of the egg, for under 
a temperature of between 18° and 20° V.. hatching did not take plate 
until the end of the third day, while under a temperature of 33°, eggs 
began to hatch after seventeen hours but most of them w’ere killed soon 
afterward. 

.\s the embryo develops, the mouth and the claws of the prolegs are 
more or less visible through the chorion. The body is bent in the egg 
shell. The movement of tli<' claws gives an appearence of wave motions. 
The mouth parts frerpiently gnaw on th(‘ insidt' of tlu' chorion, producing 
a wedge-shaped transparent part, fl'he Inuid breaks the chorion and 
the opening is enlarged by the forcing-out of the thorax. While the body 
is wriggling outside, the claws of the last pair of prolegs often hold onto 
the broken edge of the shell. The larva must struggle before being freed. 
The emergence usually takes from thirty to forty s(*cond.s. 


PROTECTIO.y 

Ephydrn mbopaca has several interesting characteristics that serve 
for protection throughout all the stages in th(' life ey<'le. Fir.-t, it Ire 
protective coloration. The egg is grayish oparpie and can .searcel} lx 

.seen when at the Ixrttom of the water; it is sometimes slightly [rinkish an . 1 
is thus more easily confusT'd with decay('d ])lant materials in the salt pools. 
While crawling in shallow prxjls, the larva gathers dirt all over it.', body 
making it resemble the color of the mudily l)ottom and also that ot tie 
floating scums. When the, larva is matur*; and ready to puii.ili . ■I'’ 
hypoderrnis becomes hardened and gradually turns lirown, l e^eiii > mg 
the color of the plant matter on which tlu; pupa perches. Ihe 
of the arlult, as has Ixjeri de.scrilH‘d, harinonizf'S al.so with its liaikgU'i 
Boards, logs, scums, or the surface of soft mud in the tempoiai 
areas, with a number of flies scattered here and there, look con< "l' 
that is, uniformly dull brown; thus a swarm of flies can 
distinguished from a distance without careful ins[jection. 


d\' di'icil 


Ki.dl.v be 
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Secundly. the structure is a protective feature. The thick chorion of 
till- cfiti. the thick hypoderinis of the larva, and especially the hard skin 
of the pupa, enable the species to .survive in a wide range of .salinity and 
under vai ious unfavorable conditions, and protect the insects from being 
haniied tiy niechanical means. 

Thirdly. th(' habitat .seems to be protective in character. As already" 
nientimied. eggs laid on the water surface sink to the bottom, and thus 
are avoided ec'rtain catastrophes that might be cau.sed by temperature, 
cliiiiate. 01 ' niechanical agents. Furthermore, eggs arc laid singly. Being 
so iiiiiiiite in siz(>. they ar(' by no means easy to detect by any predacious 
iiseet ill th(' |)o()ls. 'I'he larva has a hiding or shelter-seeking habit. 
The perching haliit of the maturi' larva has made the animal most incon- 
spicuous in its (uivironment . and this is true also with the adult’s habit 
of resting on wati'r surface or on mud where tin* scums afford a harmonizing 
hackgnmnd, 

Fimrtlily. tlie adaptability of the spiaaes to such a unique habitat is 
iiiitsidf protective. The salinity and density of the water unfit these pools 
a' a liuliitat for most of the acpiatic insects that thrive in fro.sh water. 
This keeps this species from contact with certain ])rcdacious forms. 




Since this species is ,so well protc'ctcd, it is largidy froi' from attacks 
hy insects. In early morning, tli<' writi'r has oftmi si'tm llock.s of sparrows 
biding on the ground lunir the pools, but ucu'c'r ilid they attempt to feed 
fill die larvae wliicli were so numerous in th(‘ mud and shallow wati'r. 
Heriing gulls and kiiiglishers were seen si'Vi'ral limi's Hying over this 
ii'Kion from the lake, and the latter often stopix'd somewh're near the 
P'luls. hill never lias ihe writi'r been alrle to see them ii'i'ding on the 
I'aiiiaiiiii .'•laires of the fly. Domestic fowls, on theotlier hand, ai’e enemies 
fit till.'; s]i( (uT'-,. T'hroughout thi* setuson fowls' footprints were often found 
‘f* dll' niiid in tile overflowed areas, and si'vertd times the fowls while 
ffiitiiig lor v^een to pick up Itirvtu' or jiupae. Among insects, 

II only I iieiiiv observed was one of the eommoii water stridors, Gerns 
'‘"iijinnhi Oil,.,, jjj, (iirned upside down on the water 

'due, I . ii,]-,, j| iititural position it was caught by a water 


quartei- 


I ho stridor carried llii' lly around on thi' surface for about a 
111 hour, but lintdly it disappeared iu the grasses along the shore. 
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Not long afterward it came out again with the prey still in its possession 
There may be more enemies among the insects, but no others were ohst-rved 
The writer once found a water mite. Limnochares, attached to the check 
of an adult fly, as an external parasite. 

DISPERSAL 

Ephydra subopaca may be dispersed, perhaps for a long distame, 
during the pupal stage. As already mentioned, it is impossible for the 
adult to make a long journey on the wing. Since the larva, altiiough ahlc 
to crawl in soft mud, has no means of locomotion elsewhcn' aft(‘r the 
moisture in the mud is all gone, tlim-e is no chance for it to travel from 
one place to another. As .soon as the prepupal period is at hand, the 
perching habit enabh-s the animal to secure .stalde foothold. Then there 
comes the possibilit\' of migrtilion. Ix'ctiuse wlu'rever th(' snppnrtins 
object is shifted, the pupa will go with it. Disp('rsal is facilitated hv 
three characteristics of the pupal stage — one held in cominoii hv all 
insects, and two ptirt icularly pertaining to this specii's: first, during the 
pupal stage, the animal does not retpiire food; st'cond. the piiita ahvay 
has a very firm hold on its support, so that theii' is no (hinger of its lieiiig 
shaken off; third, the thick and hard jtuirarium enables the animal to 
stay otitside of water for sonif' tinnn and also serves, as alnvuly mentioned, 
ftrr protect i(jn from injurv during its jouriK’y. 

Many times the writrm, in lilting a fragment of wood from the pooh, 
found hundreds of pupae, both mature and young, seatlerd along theedp'^ 
of the stick, fl'lncse could never be removed l)y shaking or jerking Scvcial 
times an enormous number of puptie were founii firml}'' atttiched to ;i 
of cord which had bcfui thrown into a .shallow pool. Whelhei- in 'Viitci 
or in the soft mud tirea, or exposed to the air. these ptiptie are ahk t'' 
attain maturity if no extnunely unfavorable conditions occur. .Vtlachid 
to such supports, they may he brought from one irktce to aneiln'i 
train or other carrier, and thus dispersal of the pupai' may Ix' accempliei ■ 

.Aldrich (1912j lisLs the localities where this sijeeies lias I'eeii 
as follows: AIa.s.siiehu.setts, Woods Hole (Melander); (lonneeticui Lei'b' 
New York, Ithaca, at salt pools (.lohannsen) ; New .Jersey, se\i ml 
ties (Smith catalogj; Illinois, (hillalin ('ounty, at .salt pools iPaikan 
Utah, Box Jdlder Lak<*, in salt watm-, ( hirfii'ld in brackish seepage. I 
tary Point in brackish .spring; Idaho, Market Lake, in o\eifln'\ 
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irrifiating ditch; Nevada, Hazen, in ov'orflow from irrigating ditch; 
Winni'iiuicca Lake, in alkaline environment; Walker Lake, in alkaline 
environment; California, ^lono Lake, in near-Ijy st'opage; Washington, 
Soap Lake, Clrand C’oule(', in alkaline environment. 

Alili'ich states that tlu' (k'lisity of the watc'r (salt or alkaline) in which 
this particular sp<'cies lives is suhjf'ct to great fluctuations. 

From the experimeTits described herein, proving that larvae of Ephydra 
suhopacit can liva^ in stilt solutions of different strengths, varying from 
1 to 9 p'er cent, it follows that there is an ample ehance for this species 
to SUIT. VC in pools or kikt's the stdinity of which ftills within such limits. 

SEASOXAL APPLARAX'CE AX’D METEOROLOGIC COX'DITIOXS 

To tcni|teratur(' ttnd humidity is largely due the seasonal appearance 
of this species. \\ arm weather in lat(‘ spring cati.ses the adults to appear 
early, and high humidity in suiuimu' ctiust's tdl sttiges to ajipear in great 
iiumhei's throughout tlie season, d'he weather rei'ords of tlu' two seasons 
191G and 1917 are ditti'rent in this respi'ct. In thi' vear 1916 the species 
appeared niucli ('arlier thati in t lit' year following, while in 1917 there was a 
greater iiliundauce of both tlu' adult and the immature stages than iu the 
yt'ar betore. 'I’hese difTerences were due mainly to thi' temperature and 
the rainlall in the spring and summer of the two yi'iirs. 

According to the report of the United hit at es Weather Bunaui at Ithaca, 
A’ew A (ilk. the average temiteraturc' for Alay, 1916. wrs .■)7.6° F., while 
that lor 1917 was 4S.4°. The work of the writer began in June, 1916. 
Although the lirst apiiearance in the jireci'ding month was unfortunately 
lacking in (he field 

record, the tield observations convinced the writer 
that tlu'y must have a|)peared three or four weeks Ix'fore the work started, 
Duiiiig .bine, adults were found in the salt pools and even in the one the 
''atei (if which had ahnost lost its briny ehaiacter; and the mass of the 
'f's that every day a.sscuubUnl over lh(> wat(‘r surface did not seem to 
indicate ihat the y were the oiii's that aitpi'ared lirst in the season. The 
"liter \\a^ informed by Hr. ( ). A. Johannsen that he had caught many 
1" ults in Alay The lirst appearance of the adults is usually in the latter 
I'l tliis month. In 1917. on thi‘ other hand, the appearance was 
^^iiiieK- dehiN'ed on account of low tcmpc'rature. neginning on May 1, 

' I' fnapiently visited the |)ool,s. looking for adults, but none were 
" iiilil June 21, when tlmy afRieared in large numbers. In June, 
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1916, larvae and pupae were foun<l in almost eveiy pool, because the adults 
started to breed early, while in 1917, in the hrst twenty days, only oik' or 
two were found. For such contrast the <litTerenee in temperature is 
considered the most probable ctuise. 

As far as the number in all sta<res is concerned, the summt'r of 1917 
outstripped the preceding year, in spite of the delay in appearance of 
the adults. After the adults liad app<';ired, they soon started to hieed. 
High humidity facilitatcal the hatching of the eggs and the ilcvelnpnum 
of the larval and pupal stages, thus l)ringing forth gnuit nunihiu^ of 
adults. The immature stages were pro<luc('d in corresponding abundance. 
There is evf'ry rea.«on to believe that the great number of this sp('cir-. 
found in the summer of 1917 was due to the frequent rains that weiv mi 
characteristic of that season in this locality. During the previous year 
the amount of rainfall was considerably less, and this species was (one' 
spondingly more scarce. 

COMMI N.^L LIFE 

Being able to live in great fluctuation of density and salinitv. Kjilniihn 
mhopneo has a decided advantage ov(U' othei’ insc'cts in the salt piol'. 
Here competition or the struggh? for e.xisti’nee Ix'tween this specle^ anii 
all otheis is by no means keen. Besi<!<'.s liphi/ilni suhop/wii. the pet- 
manent members of the same cimmiunity c<)nsist of five inst'ctM. totir nt 
which are coinhabitants, while the olhei' is more or h'ss an intniilci' 
and an enemy to the adult flies of the s|)ecies. This latter is the cnniiiioii 
water strider, (ierns mdiijindlux, rnentioneil in the precaaling pagcM 
This insect is, however, very rare, .\mong t he ot her four the most ahimilaie 
and common form is the larv.a cjf a mos(iuito. ,bdrs curnu ( "(i. Jln' 
larva is numerous in some [tools and sotiietimes it outnurnlieis tlie ~picii ' 
of Fphydra, but it is no* tiitle to endure high salinity. ('onse([iieiiil>'. ili' 
larvae have never b(“en found in pools D, hi, I, and II, the salinit> ami 
density of which are high tjt.'ige .‘Ifi-oy 

liat-tailed maggots are found in most of th(‘ pools. Thev are ahb 
endure a .salinity :i.s high as that of pool D, and in this res|)eri ih ’ 
compete with the larviie of Fphydra; but the number is lar a 
and only now and then one or two tire foun<l, .so thent never could ' , 

much com[x-tition for food and .shelter betwetm 'he two sitecies. 
larvae of Culicoides and a great number of (Jhironomus are al- ’ 
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in thf wator of pornparativoly low salinity, and tho writer has occasionally 
found a few water mites in such water. But with an overwhelming number 
and an elastic adaptability to various conditions in pools, Ephydra has 
so far outstripped its coinhabitants in competition that the principal 
place in this kind of habitat must be assigned to this species. 

HIBERNATION 

The larvae which do not pupate in late autumn live through the winter. 
Tliev u.'^nally stay at the bottom of the pools and very seldom are found 
siHp(‘n(!ed betwi'cn the surface and tlu' bottom, as in .summer. They are 
inotionk'.'^s and are {'(na'iaal with mud through th(' accumulation of sedi- 
ment, It is hard to distinguish them by looking over the surface of the 
[idoh: l)Ut in the overflowed aiaais, wheo' the waiter is hardly more than 
throe iiiclu's deep, a large niimlx'r of thian may b(> found lying on the 
mudd}’ liuttom. Sometimes, wlien thi' hiait of bright winter sunshine 
l:lNo^ tli(' ttunperature. a few’ larvai’ may be seen crawling slowly. They 
will not piijiiite in cold wnnither but will waiit until spring. 

The pupae of late autumti will remtiin undevelopt'd through the winter. 
Late in the season hirgc iiuiiibers of [luptie may bi' found. In the early 
spring of till' iH'.xt yettr pupai' tire tihvays found Indore any other stage 
tipiioiiis. I'rom these emerge tlie first tidulls of the coming .season. 

•■fdiilts are rarely found in winter. On ti warm anii sunshiny morning 
niio 01 ' two may tijipear, fei'bly drifting tiround on waiter. It is believed 
dint tlie\ liidi' them.seivcs in cri'vices in tin* gravelh' bank and in the 
Ioo> 0 Miil ai'oimd the pools in order to winter over. 

Hil)i‘rii,u ion in the egg stage, if it occurs at till, must be very exceptional. 
According to obscrvtit ions made in llie lalioraiory, the fcaiiales do not 
'’'ipiisil l:il(‘ in the season, eviai though the room temperature may he 
''"iiipaiati\cly high. Eggs laid in the early fall remained undeveloped 
h)i a liiiii; |)ciio(k ;uid some of tliem died befoo’ winter commetieed. 1 hus 
dicri' iv ('Mdciidy very little chance for them to hibernate in this stage. 

St MMAHY 

k k/' /(/ru subcrpocd ha.s a salt habittil. ft is found in the s.alt pools 
IIk' density of which ranges from l.,a to 7+ in August and 
* 1 1 in September, and the salinity of whieh varies from l./O to 
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9.7 per cent in August. The salt pools contain several algae and several 
protozoa, together with some animal pollution. 

2. The growth of the larva is largely influenced by temperature and 
the presence of salt in water. 

3. The larva moves by crawling, wriggling, floating, and dropping 
Its respiration is at thr> surface. Its foo<l consists of algae with few protozoa. 
It prefers to live in stagnant and shallow water, with the amount of salt 
ranging between 1 and 8 per cent and a solution of from 4- to 5- per-cent 
salt in the optimum. 

4. The larva can live in a limited area of air. It can endure the variation 
of temperature from 0 ° to 40° C. It can survive drought for five days. 

5. It is significant with the larva that its specific gravity is less than 
unity. 

6. Any mcchancial injury which breaks the hypodermis proves fatal 
to the larva. 

7. Pupation is characterized by the perching habit. The pupal period 
lasts from two to eleven days in the laboratory and from four to five months 
in the field. High temperature in addition to desiccation is very 
detrimental. 

8. The food of the adult is the .same as that of the larva. The adult 
prefers to stay on the .surface of still water. Idxcessive heat is very detri- 
mental, but excessive rainfall is beneficial. Only heavy frost has a killing 
effect upon the newly emerged adult. '1 he adults disappear entirely in 
winter when snow covers the ground. 

9. The egg is elongatc-d oval with a reticulated surface. Hatching 
takes placi! in fresh water as well as in salt water. The devidoiinient ot 
the egg is affected by temperature. 

10. The habit, the adaptation, the coloration, and the body stnictinc 
of all stages are protective. Doinestii- fowls and water striders were thf 
only enemies observed. 

11. The dispersiil of this species takes i)laee during the pupal stage aw 

is probably achieved by artificial transportation. , 

12. The flies appear in May or .June. High temperature and 
humidity in late spring make for an early appearance. Freqia at o 
favor abundance of them throughout thi; .summer and autumn ^' isons- 

13. This species winters u.sually in the larval and pupal stages, ah 
a few adults may live through the winter. in hibernation. 
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EI-IITDRA HI BOPAIA 3 lateral view of 

i .rva: 2 , full-.ro«n larva (a. 

iM-N.^tfir iHfva, '1. ramJftI VM*w J^t.RiunK of 

ii and skflj’ton nwniWrane. >>. spir.*' • V ,.,\v\ioidi-nvn- 

^-X. (iuUt braiu'hrH; 1 S. innrr br.ii *. i to tuJjc; W bt tiaffu’ai 

.. #r.w.h»..i hr/iii.' 1 to iin:w«nJi» , f.> niui-nib^tnu'. K, i • t'; 


'•. <l(.iwii trunk: 0, v<-ntrnV tnn»k>. 'r *^..,11,^ of LvnJrtfij’ il >c:‘n«liun 

, a, )>. r. n..vm or.^iuK from /tTuduul Io 1 m>. K. rn-K. ^ 

''|)<K' uriftRiUiil <lir*k; f. ' j“ i . o‘«*ph.-»tfU!«; I. “’’Ji.’ja of’c.'ul'iaUobt’; 

niial (iiftk; i. vrntnii rtiOHothora* ^ UT.mia'; honroiitnl •'<' ^ 

I o'f driiin (a. root of nnvr; b. irtmn. <'• • slioiua) 

'‘■turn; c, corpus lungifuim^'i il- IihIh-^u . 
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*’UTE LV 



BPIIYDBA HI BOPATA 

* j I ih.ir' 

13. Dorsal vifw of rlitftnbution of fV'KTin uUil n* rvos M-X 1 1 . soK’oi nts) ; H. aliriicntin v s\ 
b, ft-ophuKim; r, salivary Klarui: d. I'.'iora; »*. provrotriruliiH; f riiul-iriti-wtinf . K, nmn J" , ^ 
pighmn tubf, j. rf'tuin, k. iirtaKirial lo, vc-ntral viow of fnal c-avity arwl HC'ond l'',,,irii)n ‘*f 

ant# nna; h. r/iaralibiilar r, Ioh. fl. f»> jK»aPitnal HfU-nff): Dk ljif<*rnl vii'^v '■ hs 

ur'iVk f> larva. ^ho'A inic r fpbal'ipli.arj'nK^’al n)\< U’tf»n fa. mafulibul.ir »* li'ritf* ; 1), ^Ivti tal H<ii i i ' , ph't' v 

V 1‘ rit4:-j : 17. latM 'il \ if'W of y ouna: larva (a. riiaixlihiilar *»< k-nto, h. K> pfist^iinal m( U ntv. - ,il 

i^Titr, <1. lalfral liharynKt-al Ifntr; <*, pharj hk» al ina.''.'*) , I H, « w-rtion of antfii'ir r ^ ^ 

(a. irnfiipnal di.-'k. !>, fonirnon flo' t of Malivary Kland^, o. rophalif rf'tractor iiiu'*' !*'; ‘I- j k’'!'' 

rmmflf) ; 1^». it ifMlf [jhar-viiKfal rr-tcion (a. r'«afi;nfsl.'itiriK iiH'inl.rarM*; rl. loiii-'i ' ‘ ^ iiiii-'I'', 

rfphali'* rr-tia' for, <1. pharyn«#'al |>haryxife«>al simis, f. urmifiniil xlink, K. 1 ', ,i, 

Y-rthafs-fl tkIk' ‘ i; j. phaiyn»r«'al dr-pr«'n-«</r; j, xlor<it rrphalif protra' lor; k, Htornal 

: 'Mi. catiflal f>li.ar> riKj^al rftcu^xi fa, r<'f»halip r»‘trji' t<*r ; h, l.it4*ral pharyfiK^'d 
disk; d. Mt.r>ri»ai dilator; c. srrni<ir‘ lilar dor-'al pliarv r)Kr>al iniiK4')r'; f. pharyngeal ratvity - ,1 Mil'i' 

fwophaifti.s fa, rireiilar niii>w'lf; b. luriien, e. caatheliuro); lonKiInditud wetioi* of o-ia , tit 11'^’“ 

f'^ophatfus; h. iruajfjfial rel|-<. r. hlr^td Hpaee; cl, sphiiKtrr; c% C'pitheliuni, or veiilnrulu''. 
brane,' g, lurtteri of vr rit r oIu**» 


on 



jtiioiK t!i Plate LVI 





2^ EPirYPRA RUBOPAJM 

insertion of cueon {n, rfierul tiiU*) , iM.CMjfss wction of proventnruliis (a, striated 
( . I sp’if’**; <J, cirruhir niUMrlc of 8phinr(or>: 2r», rri)'<s pro t ion tarouRh c»>nvohited 

U'.L, , ' ' d, iTiui-nitestmp; r, hiiul intestine); 2t». en>N< soetion, showinff iiif'Ortion of inal- 

P‘?hian fi^i„ I ntU''olp; b. lotiRif lulinul musrie; c, epithelium; <i. basement membrane; f, mal- 

^cun'ii j., ^ ^ sof (um of mulpinhian tul>es (a. bt c, tubes; »1, cominoin root of t .\o tabes) ; 2S. longi- 

1), ci) r ' , ' ''**** • bitbehurn; b. rnusoular \\nll; e, inusele); 2tb orosa 8e« tion fif rectum (a, circular 

r®^*‘yrigf..,[ e, bitima); .'10, muscles of repl>aloi)h»r> tiKc'al 'ieleutrs (a. niandibiilHr extensor, b. 
’ bandit, n( , ' c. doisal coplnilic protractor; d. r. i. stomal dihitors; »{. ventral cephalic protractor; 

I. '' ■'‘^or; i, ^f‘nt^al eephalie retractor); ill. niiis<*les <»f <lorsai bo<iy wall (a, dorsal cephalic 

I l.'ifcrnl intersenmental; d. external dorsolateral oblique; e, internal dorso- 

Wt '.I d ■ ' ' 'oniritiuhn.al; r. dorsal lonRittulin.al; h. anal; i. lateral); .'^2. \entral body wall, with 

Vei/'^ , ’' bh.'ilio retiactor; b, ventral eephalie retractor; e. internal v«*htral oblMpie; d. external 

il , ' lohKitudinal; f. intersegnicntal; g, internal ventro-lateral oblnpie; h, external 

‘‘’U. i«;i, ,, V*! ’ ?• '’<'ntral longitudinai: j, anal); 33. dors;ii view of viLscular system (a, dorsal 
'"Hlv; e, valve: d. alar muscle; e. f. ostia); 34, longitudinal scutum of gonad 

r,|;> 



Memoib 49 
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EPHTDBA SUBOPACA^ 

3.5. Dorsal view of imsKinsl disks fa. pfoboarib. antr'onal aod frontal; c, prothoraric loB ''’J^prothorar'' 
leg; e, cerebral Io^>e; f, nog; g, riorHal aorta; h. caophagus); 30. ventral view la, rraM^'rlKltof 
leg; r. mesothoranc leg; a. eerebral Iol>e; c. aiil^esophageal ^ar.ghon); 37, general ^ 
diiika ^a, proboecia; b, antennal and pronotal; e, prothf>raeir d, optic; g, dorsal P*,' ' ^ 
i. metathoracic; -j. haltere; k, meaothorsrip; f. anal; e. gonad); 38, ®*1^*'®* *’ 1 ... , ,f prepup^* ^ 

irnaginal left aide (a, wing; b, metathoraetr; r, haltere); 3f), doraal view of 

(a., doraal prothoraeir; b, proboacia; r, winga; d, metathoracir; e, frontal; L''’f '...etatbors«CJ 
View ^a, doraal prothorane; b, prothoraeic leg; e. meaothnracic leg; Ct - 4wt 

haltere: 41, pupa (a, antenna; b. labral part 01 proboaria; c, coxa of leCI <*♦ 

43, pupae perc^ng on sticky 44. egg 
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the relative r.ROWTII-PRO:\IOTINr. VALUE OF THE 
PROTEIN OF COCONUT OIL MEAL, AND OF 
COMBINATIONS OF IT WITH PROTEIN 
FRO*AI VARIOUS OTHER FEEDING 
STUFFS 


L. A. AIayn-aud a\’d F. AI. Froxda 


Thp I'prontly aoriuirod kiiouL'dirp ns to difforonros in tho quality of 
proteins Ims iTop('n('d tho oiitiro (lucstion as t<i protoiii requiroment, 
ami a review of tliis prohloni is osirooially needed with respect to 
farm animals. It is now evident that the amount of protein recjuired for 
growth or otla'r function in a friven animal cannot he ilefinitely fixed 
lAcept as the source of (he protein is specifiorl. Knowledge is required 
as to how feedint; stuffs should he comhined to seem'!' prot('in ini.xture 
of high (luality, and a review of the }r('neral (pie-stion of protein requirement 
is (lesirahl(‘ on thi.s basis. It is Relieved that much vahtahle information 
relative to this prohlcm can he ac<iuir('(i hv sttidit's with small animals, 
that such studi'as will prov(> a useful iruid(‘ in plannin,!; similar experiments 
with hirge tinitnals, and that many of the lattt'r exp(‘riments. always 
laborious and 1 iine-c(in,sumin)j, will he tnadc' ttnnect's.sary hy reason of 
the studies with small animals. 'The latt('r sttidies can most profitably 
deal with the relative etiicicuicy of various ])rot('in .Mniria's and eomhinations, 
111 order to ohiain data for formulatine; rations of luTh (iii.ality, rather 
than with deti'rininations of tin' minimum protein n'lUtirenumt for a giv’on 
iiiiVuie, inasmuch ;i.s the latter data imist he oiUiiim'd hy trial with the 
‘""e aiiiiiial in ((Uesf ion. 

Ihe expciiiiu'iit.s d('serih(‘d hendn eomjirist' a study ot the relative 
siowth-pioiiiotiiiir value of eoeonut oil me.al and of vtirious combinations 
othei leediiifr stttITs witli it. Coeoiuit oil meal a hifih-protein feed 
"iiii is heeoniirifr iivaihihle in inereasinf’lv larige qiiant iti(‘s and which 
S'vs pidiiii,.^,, (ij- iinrn-.li('nt of nttions foi farm animals, 

^ Prii.il,. (hairy cows. There are. however. h'W data ;ivail;d)le. either 
liiiientiil Work or from praeliee, ;is to how it should he comhined 
, " ' ' A .sliidv of tlu' Vithie of its irrotcdn atid how it can he .supple- 

riipiitci , '. . , . „ . , 

r'ceure a mixture of high (pialily is therefore timely. 
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Johns, Finks, and Paul (1919)‘ roport a study of coconut oil nioal with 
small animals, from which it is conchulcd that this fending stuff contains 
all the amino acids necessary for growth. Their stud\', howev'-r, which 
dealt also with vitamine and mineral supplements, was concerned primurilv 
with the question of the ability of coconut-snil-meal protein to cause 
normal growth, not with the efficiency of the jirotein as measured in gain 
per gram of protein eaten — • which is the criterion used in tlie studies 
here described. 

METHOD 


In these experiments the method consisted of using the feeding stuff 
or combination to he testcnl as tb(' .sole source of protein in a eliot luaile 
otherwise adequate by supplying minerals, vitamines. and an addid 
source of energy whei-e necsk'd. Th<' ptu'ci'iitagc' of prott'in was so chnsen 
a.s to make the absolute amount of protein (>aten insufficient for nomal 
growth, evcti though tin' ration was b'd rnl libitum. Thus, given the 
same percentage of pioteiti in the various rations, which const ituted diets 
otherwi.se adequtite. a study of the relative growth-promoting value of 
the various protein s<jurces was po.ssible. White rats were th(' cxporiniotit:,! 


animals. 

The rations wt're b'd (u! libitum, growth curves and the gain in hedy 
weight per gram of protein eaten being used as the mtuisun' of giowth- 
promoting value. .\lth<iUgh tlicri' would have beim an obvious advantage 
in an cfjual food intake, in which case growth curves alone would have 
sufficed for judging the efficiinicy of the fliiT('rent source's, this would 
have nocc'ssit ated n-gulatitig the; food gi\en according to th(> consin:iption 
of the rats that af(' the least, and thus, by restricting the intake lor the 
other groups, protein might have been used as a source of encig>. wlcdi 
would have <lefeated the puiijose of ihe experiment. InasniU'li a> fend 
intake varied on the different ratif)ns, ilue to differences in palaiahilit.^ 
and in the individual's a[)f)etite, growth curves are not the b'vi iiKM.-ua 
of the comparat iv(! value of the protein sources, d'herefore an nouiatj 
record of food intake vv.a.s kept, and cfunpari.son is made on 1 1" ^ 

the gain per gram of protein eaten. ( Irowth curves, howevt'r, ttf' ' " ^ 

beeau.se of their value for comiKiring .a given growth with the lie ' 
for judging the uniformity and regularity of gains of individual" 


j 


> Dat<3rt in par»'rith«ti-i to LUrTfiture priKO 033. 
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Th(' fi'od was kept before the rats constantly, a fresh supply being 
given every other clay. It was packed into the feed dishes with sufficient 
water to prevent its being scattered about the cage, in order that any 
not consiiined could bo recovered and accounted for. The unconsumed 
feed was deducted from the amount fed, after making a proper correction 
for the water added. This correction was made possible by running 
moisture determinations. The rats were weighed weekly. 


experimkxtal 
Scrii'.^ J 

The first studies consisted of a comparison of the growth-promoting 
value of coconut-oil-meal protein and cornmeal protein, singly and in 
combination. C'ornmeal was .selected because it is a wididy used feeding 
?tuff, containing proteins the (juality of which has been fairly definitely 
established. With the choice of this fi'ed. th(' choice of a plane of protein 
intake was limited by the percenttige of jirotein that a ration consisting 
of cornmeal, properly supplementt'd by the addition of a salt mi.xture 
and a vitamiiie, would furnish. T'he work of IMcCollum. Simmonds, 
and Pitz (1916-17) furnislK'd a guide here, in that they found that all 
factors for the growl Ii of rats, exci'pt jirot ‘in. were adequate in a ration 
consisting of 

Cornmcid. .. . . ... 91 

Salt mixtun> 4 

Buttorfat .... o 


‘'tnd lluu the protein furnished (appioximately 9 ix-r cent) allowed growth 
to proc(vil ;i( t\v(>tliii-(ls the norm.al rale. 'PIk* plane of protein intake 
thu-s ftiniished, giving a fairly rapid ytd not normal rate of growth, was 
deemed satisfactory fop the pn'sc’nl pur]-)o.s(’. and the ration used liy 
• ^ olluiii and his coworkers was chosen as the eornnieal ration in these 
bids. Ill,, mixture employed wa.s the oiu‘ described by the latter 
‘'bfetin.iidi's in the publication cited. 

te ,1! dy.sis of the cornmeal u.sed in these experiments fixed the protein 
t-ontoni , I 1 1 , 1 ^ ration at 8.93 per cent. Next, a ration containing coconut 
'n( al til,. c;q],, source of prob'in was made uj) with the addition of 
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the necessary amount of starch to hold the protein at the same fisurp as 


the cornmeal ration, as follows: 

Coconut oil meal 43 

Cornstarch .... 48 

Butter 

Salt mi.xture. . . . 4 


The protein content of this ration was 8.99 ]')er cent. That such a ration 
is adequate for normal firowlh exc(‘pt for its proti'in content is indicated 
from the study of .Johns. Finks, and Paul (1919). who found that coconut 
oil meal contained adequat(' water-solul>l(' vitamine. and that when thh 
feed was supplemented with a salt mixture and fat-soluhk' vitamine, 
practically normal growth re.sulted. 

A ration was next made up in which 2.") jrer cent of the corn protein 
wa.s replaced Ity coconut-oil-ineal protr'in. .SufTnaent starch was added 
to keep the protein content the saiiK' as in the cornmeal ration, the 
pereentage of l)utter and the salt mixturi' la-maining the same. 

Inasmuch as an efficient protein mixture was the ol>,ject souglit in these 
experiments, the question arose as to what growth-promoting v.nlue 
could he expected from an ideal mixtuia' at thi' plane of intake used, 
namely, 9 per cent. In view of the high (piality nnsulting from a mixture 
of cornmeal protrin and skiminilk protein, it .seraned worth while tn 
olrtain data on thi« comhination at the plane ot intake used, in order to 
establish a standard with which the results with the' other comliin;dion> 


could Ire compared. .Vccordingly. a rati(m wa.« mad(‘ up in which 2) pt’i 
cent of the cornmeal protein was rejrlacc'd by skiminilk jrrotein. the hiitui 
and the salt mixture remaining the same. Starch wa,s again used to keep 


the proper percentage of protein. 

Three rats were placed on each of the alrovc-describcd rations. 


experimental freriod wa.s thirteen weeks. 

The growth curves for the trials in this .series are shown in 
A summarized record of food intakes and g.ains is given in tabic 
much as more or le.s.s trouble was c-xjX‘rienced during the fiis' 
accustfjtning the ariiinal.s to tlie r.ation, resulting in a wide \ c 
the food intake, this jx-riod wa.s .set ai)art as a transition peiioo 
records for the rernuining twelve we<-k.s were summarizisl into I In 
of four weeks each. The figures for the transition period are n" 


ll^lll'C ' k 
I IlKls- 
veck 111 

cion in 
nd till-’ 

iicn'i'b 

ndudcd 
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in the fijiiirps for totals and avoragos. The figures for gains classified as 
“Totals” arc the moans of the individual gains over the twolvo-weeks 
pni'od The probable errors of these means were computed by Peter’s 
formula. 

Srrir.K II 

A measure of the efficiency of the protein of coconut oil meal as compared 
to that of corn having been obtained in series I. and the supplementary 
action of the two sources having been stuilied, attention was next direeted 
torombinationsof coconut oil meal with n'presentative feeding stuffs from 
various plants. Inasmuch its coconut oil meal is ;i high-protein concentrate, 
Inw-protcin feeds wen' selcctc'd as supplements. Those used were wheat 
middlings, rice bran, ground kiiffir coiai. iilfidfa leaf mcvil. and alfalfa 
mnd. liice bran and kaffir corn are feeds from plants commonly grown 
in regions where the coconut piilm is extensively cultivatt'd. The alfalfa 
prnilncls wei'c' chosen in order to gain .some idea as to the value of a com- 
iimation of coconut oil nn'id with a le:ifv roughitge. First, alfalfa leaf 
meal was tnVd, but for some reason th(' ration contitining it was not 
pal:it:ihli‘ iuid so much less of it Wiis eaten in thi' first fi'w weeks than of 
the other rations tha* another triid Wiis stiirted using alhdfa nn'id instead. 

Siil)stitutions wer(' math' in the coconut-oil-meal ration given on page 
t24so as to Inive the supph'iiu'nts furnish 2.5 per c('nt of the protein. The 
i-faich confent wiis varit'd as was nr'cc'ssarv to maintain the lU'otein constant 
at 9 per cent. I’Ik' salt mixture used was the' oih' (h'scntied ’ey Osborne 
and AIeii(l('l (I9l9j. 'I'lie combination tlnit provtsl the most successful, 
■lamely. iic(' bran and coconut oil uK'al. was ri'peated ;tt a plane of intake 
Ilf l.j pel’ cent pi’()t('in. ’rhrec rats weix' fed on ('ach combination and 
the e.xpciiiiu'iital jieriod wa.s the same as in si'ifics I. 

The eiir\'cs of growth are sliown in figures 75. 76. and 77. The gains 
hi lelaliiiii to food intake ari' sliown in table 2. Probable errors for the 
fitaaii tdi.’d gains were eomjniti'd as dcserilx'd under series I. 

DISCU.SSION OF RL.SI LTS 

h i> 'l](i\\|| jii fijriii’o 74 that the eormneal .and skimniilk mixture caused 
It rate ,,t growth very clo.se to normal. Iiiit that the otiier rations were 
^auili t eltei'tive. TTk' eormneal aloiii' jinidueed the slowest growth. 

I it is seen that for growth-promoting value as measured by 
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naiii ill woijfht, the followiiiir ordor holds; (“oninu'al aiul skimniilk. r(jconut 
oil meal, eornmoal ami eoeomit oil meal, eonimeal. However, (he diftVi'. 
eiiees are not markeil except as lietween the .skimniilk combination and the 
others. Inasmuch as fooil was friven ail lihituin and varied .somewhat in 
amount for the different jrroups. as is indicated in the table, the better 
measure of growth-promoting value is, as has been previously pointed 





Fra. 74 . aaowTfr-pRovroTrvo valt'f: of rorovt*T-oa-ME.\L protein and torn i idiiEiN* 

A 0»rnrrj*-al 7'» p-r ff-nt. skirnr^ulk ir r>«T nt R. Coromt-'dl-rti’ ’ i i'' 

C ('<>f .i\ pr‘>t‘ \!i, J'y f>4 r mni, • *rrirfp tl pr-jt-n'i. 7> p‘" tu-nt I>, CtjrJiiii' Ml pi d' in 

Fh#* f nrvM thi- norrn.i! ifruw'th f'>r the ftjlony 

I ho p’.trK of pT'ifMri jfif'tkt M 'I i»« r nt 
Th*; Jnark oil p* ri'>«L'» of <lay'» 


out, the g.airi jier gram of protein e.aten. con.sideration of lh( ^‘' fni""’- 
does not change the order given above, but the better (jiialiiv el tin 
protein in c<K'omit oil meal as com|)ar<'d to that in eornmeal is nini li 
evident, f'oeonut oil meal is .se<-n to occupy an inteniK'dial i | cMtin'r 
.a.s reg.ards growth-promoting value, between eornmeal and tl" laixUH* 
of cornrne.al and skimniilk. 'I'he conililnation of eornmeal and (ocnni 
oil meal resulted in a value slightly above that caused by the fnini ' ■' 
This was due to replacing 2.u {rer cent of protein of poor quality le I’l'd'' 
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of Ixntor quality, but evidently there was no mutual supplementary 
action, sim> the growth-promoting value of the mixture was much poorm 
than tliat of the coconut oil meal alone. 


TABLE 1. A\ rBAOR G.aixs, T otal Intake^;, and Gains per Gram of Food avd Pbotfiv 
I'.ATK. v, Mmmahized by I'kriods of Four Weeks (Series Ii ‘ 


Sourro of 
uf oroteiii 


Cornnicj.! 

Totul.s 

Cociiriut oil rijoiU 


Tf)tal> 

tf’riirncal aipj (■(>(■(). 

nut Mil nical. 

10 ' 2 o 


TdtaU 

am! slu,,, 

'■"Ik, T.'j 


Total, 


, 'I I 
tOi' f.,t . 


'' "t- 111 ,. ti 


Frotcin 
in foods 
( per 

t 

1 

IVriod 

.Avcr.nfre 
pain 
r;it per 

Total intake 
per rat 

Gain per gram 

cent) 


(praiiisl 

Food 

Protein 

1 pram si 

Food 

1 (/crams') 

Protein 

(grams) 

s \):1 


”) s 

s:, 

7 .■)(> 

0 OGS 

0 76 


1 

.> 

•>2 2 

300 

4t (i.-, 

0 lot 

1 17 


*> 

fr 0 

3 is 

4S lU 

0 011 

0.46 


♦> 

(i:;o 

56 20 

0 059 

0 66 



111 <1-0 I 2 

l.ius 

1 1 19 ,S,-, 

0 007 

0 75 

s (in 

*r 

!.■> (» 

.■)(i 

5 DO 

0 2iiS 

3 00 



;«» () 

774 

dd 02 

0 106 

1 IS 


1 

.■)! 2 

4(i0 

41 d.-, 

0 111 

1 24 



■T 

(1 7 

Ids 

42 07 

0 0S9 

0 90 


i 

1*»2 (> 

i.;;o2 

117 01 

0 102 

1 13 

■s id 

*r 

i 1 

a Ii 

sd 

7 tl 

0 Old 

0 40 

1 

is ;» 

.■)2(> 

Hi 97 

0 09d 

1 04 


- i 

11 1 


45 s9 

0 Osl 

0 00 




2.'. (i 

.■>71 

50 !l'» 

0 015 

0 50 


j 

n:. !»i-i 7 

1,0111 

1 Id S5 

0 072 

O.Sl 

N !! 1 ' 

*T i 

2 1 

.Mi 

7 5d 

0 024 

0 28 

1 

1 ■ 

, I 

■''7 1 

512 

45 09 

0 170 

1,91 

1 

' j 

o 1 

IS 2 

4Sv» 

42 .S7 

0 100 

1 12 

1 

.> 1 
r 

1.") .7 

j(lS 

50 7.d 

0 OSO 

0 00 

1 

1 

1 

1 

i 

tso Sul 7 

F.'iOt) j 

ld9.29 

0 116 

1 dO 


■OI'IIHJII ]»T1.„1 ,,( piKur.-, for tlu- traiuition penod are not iru-luded in 


hcai 'M iwii, coconut oil m<>al :uui rice Itran resulted in the 

cl(),s(.q * Uie 9-j)er-C('n1-]irotcin mixtures, ctuising a growth 

pci „i, ^ '■'^'in.it ing till' normtd (fig. lo). It also gave the largest gtiin 

tviili Ii ^nible 2), and eomptired ftivoralily in every resiiect 

"“■■“Real and skimmilk ration u.s(h 1 in series I. Whcli part of 
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the protein of coconut oil meal was replaced by protein from wheat mid- 
dlings, a better growth resulted than on the former alone, and the gain 
per gram of protein was comparable to that resulting from the coeonut- 
oil-meal and rice-bran ration. It must therefore be concluchal that a 
protein mixture of higher quality results when coconut oil meal is sup- 
plemented with either rice bran or wheat middlings. 

Grants 



Fig. 7.5. growtfi-promottvg VALfE or roroviT-oir.-ME vr, protein' sifftf 

WITH PROTEIN FItO.M WUIOtS OfMER FEKHINO STLFF.S 

K. Co<’''»nijt-ot!-rnoal pr^Rfin 7'» p*-r n* o.l)rari 2" pt r rr-nt F, f'm'o.m. 

nrotf-in, 7~) fM r font, wh< rtt ifii'i Uiiikh. 2'» p'T <-Tit <» f tl jtmfi in 7< 
kaffir-rornmf'al prc,Nin. 2". p r f»nt Th^* ‘loft. <1 rurv* s r»-pr*-‘t«Tit rioimal 

The plarip f»f protr-m infak* 0 p* r rent. 

The abHri.s»a.9 mark ofT fM-rryi-t •>( tw-nty ‘lay« 

The alfalfa-leaf-meal eomlanation was obviousU' unpalalable, 
food intake was considerably lowered as a result, especially ie 
few weeks. Hence fhr- rats on this ration madf' a very poo?' c 
first, followed by a rnon; raj)i<l growth toward the end of the < 
when consid«‘rably more bxxl was eaten. Ff)r the fX’riod as a ‘ 
combination proved scarcely as good as tlu* c<)conut oil meal a. 
regard to both rate of growth and gain per gram of protein. 


Ml NTED 


mill the 
dll' liid 
-iwfh 
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T\BLE 2 Average Gains, Totai. Intakes, and Gains per Gram of Food and Protein 
FEaten, Summarized by Periods ok Four Weeks (Series II) 


Source 
of protein 

Protein 
in foods 
(por 
cont) 

Period 

Average 
gain 
per rat 
f grams) 

Total intake 
per rat 

Gain per gram 

Food 

(grams) 

Protein 

(grams) 

F’ood 

(grams) 

Protein 

(grams) 


moal 

,S 9'J 

*T 

1 4 

04 

5 7.5 

0 022 

0 24 

and rice 

bran, 


1 

47 9 

392 

35 24 

0 122 

1 36 

7.) 25 



2 

70 8 

.541 

48 04 

0 1.31 

1.46 




ii 

.>8 5 

527 

47.. 38 

0 111 

1.23 

Totaln . 


! 


177 2±11 .') 

1,400 j 

131 26 

0 121 

1 35 

Coconut oil 

ineali 

O'.) 

•t 

11 2 

04 ! 

5 75 

0 175 

1 95 

and ivheat 

mid- 


I 

4ti 5 

305 1 

.32 .81 

0 127 

1 42 

dlings, 7d:2a 



•> 

.5d 1 

404 1 

41 74 

0 114 

1.27 




d 

1 r)9 1 

.513 1 

40 12 

0 115 

1 28 

Totals. 



1 

l.VS 7± .'> 7 

1,342 i 

120 67 

0 118 

1.32 

Coconut oil 

moal 

' .S !)9 

‘T 

-10 1 

70 i 

0 .30 



and kaffir 

corn., 


1 

.50 9 

491 : 

44 14 

0.104 

1.15 

75.2,) 



-) 

.52 7 

.531 

47 74 

0 099 

1 10 




d 

45 0 

472 

42 43 

0 095 

1 06 

Totals. 




148 Oil 2 5 

1,494 

1,34 31 

0 099 

1.11 

Coconut oil 

moal. 

,S 99 

*T 

0 d 

01 

! 5 75 

0 005 

0 05 

and alfalfa 

loaf; 


1 

do 9 

.3.50 

1 31 47 

0 105 

1.17 

meal, 7.5 2.5 

i 


•> 

Id 7 

40.5 

: 30 11 

0 108 

1.20 




d 

37 7 

110 

1 39 57 

0 0,86 

0 95 

Totals 




IIS d± 4 5 

1 . 19.5 

107 45 

0.099 

1 10 

Coconut oil 

moal 

.S <)') 


S 5 

9S 

8 81 

0 0S7 

0 96 

and alfalfa 

moal, 


I 

.50 4 

432 

.38 ,81 

0 131 

1 45 

75 75 



•> 

01 d 

5ds 

48,. 30 

O.IU 

1 27 




d 

dl 5 

09S 

62 75 

0 049 

0 55 

Tot.lls 




1.52 2 

1 ,(>08 

149 95 

0 091 

1 02 

Coconut ,„| 

moal 

H .St 

♦T 

21 4 

103 

15 29 

0 208 

1 40 

and II,', 

bran, 


1 

KXl d 

•4-S7 

72 27 

0 206 

1 39 




•> 

.54 t) 

52!) 

7S 50 

0.103 

0 69 




•d 

44,5 

477 

70 79 

0 093 

0 63 

Tot,,|, 




199 .ddtid 0 

1, 193 

221 50 

0 133 

0 90 


‘"“‘''th-n pcoiKl ..f one w.fk. Figures for the transition period are not included -n 
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The alfalfa-nieal eDinhination was liberally eoiisume<l, and a Ixtui 
growth result('(i tliaii on the eoeomit oil nuail alone; but this was accom- 
plisheil with such a large intake of food that the gain per grain of proKbi 
was lower than that produced by tlu' coconut oil nnail alone'. It iiiav li{' 
noted in the chart (hg. 76) that only two indivitluals were in this group 

Grama 



Fig. 70. GFiowTii-piioMOTi.SG v\u:r or oocoNr*T-OTi/-MEAL piioTEiM srrriJ 

WITH ALF.\I.FA PItOTI-:i.N ^ 

H. r’orr,riiif-oil-m''al pr'^jte n 7.> ]>• r < »'nt , nir.alf.i-rn« al pro t*- in . 'J’t p#'r r -tit I. ^ ' ,, rn:i! 

proff'trj. 7'» {y-r alfalfa-I* protf-m. U » jmt <frit 'i hf rurvon rtitn ,,, .in 

erowfh Thf c-.irvf markfl \ in Kroup II. rfprfvnt.i ji crtiwth of nint* wcfk.'* <>nlv. 
affplf-nt, tfu*! rat, wai ri-movi-ii from fhn f'Xji*TirTi«*nl fit thi* ond of that timo 
'rho f>Ian<* of prot»'in iiitako ih '» jkt r#-nf 
Tho abJviSBati mark off p* at twr-rity <lay»i 
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ilurin'-!: third poriod. Tliis fact, which prevented computation of the 

prohulilc error of the mean gain, limits the value of these calculations 
relative to gain per unit of food and protein eaten, and thus affects the 
definiteness of these conclusions. Difffculty was experienced also in 
keeping an accurati' account of food intake on this ration, because it 
was scattered somewhat, (h'spiie all precautions. It mast be considered 
that tlie trials with both the alfalfa products are rather unsatisfactory. 
It IS hopetl that further studii's will be made of the (jiiestion of the supple- 
mentary action of the protein of rough.age ami that of grain, since knowl- 
edge regarding this (piestion is of gi'i-at importance for the formulation 
of rations for farm animals. 

The comb. nation of kaffir corn with coconut oil meal resulteil in no 
marked advantage ov('r the l.-itter alone as n-gards rate of growth, and 
nu increase in the gain per gram of [irotein. Ih'nce the addition of kaffir- 
corn protein does not improve the protein of coconut oil ini'al. 

The trial with coconut oil meal atid ric(> hran at a Id-per-ctmt plane of 
priitein intake' furni.shed furtlicr ('videm'c as to the high (piality of this 
I'omhinaiion. Xormal growth rc.-sultcd. as i.s shown in figure 77. This 
t\as laiher to he ('xpeeted in view of the n'sulis ohtaini'd with tlie same 
conihination containing 9 per cent of protein. Tht' gain ])ei’ gram of protein 
was lit it as great as at thi' 9-per-e('tit protein intaki'. and this is expected, 
fihe work of OsbortK', IMenih'l. and l-Vriy (1919) indii-ites that for a 
Sivcii souret' of protein the maximum gain pm- gram re-ailts on a plane of 
intake which is lu'low lliat reijuiri'd to furnish norma! growth. Inasmuch 
ns the l.i-per-eent plane of intake was at lea.sl .suliieient for normal growth. 
It cinihl not be expt'eli'd to give as great a gain per gram of protein. 

h i.s to be noti'd in the eliarts llial tlie gains within a group were for 
till 111 ( 1-1 pjii-t |;ij,-iy uniform. T'liis uniformity witliin tlie groups justifio.s, 
l’'■hcved, the sigiiitieanei' lieri'iu attaein'd to tin' dilTercuecs between 
" t-Uoiips. y eoiisideral ion of tin* probable ('rrors fisted in tlie tables 
*’h‘iigllicns this view. Inasmuch as individual food-intake reeord.s wore 
’* ^'pi. (lie ealeulatioiis for tlic gain pi'f gram of foinl and proti'iii eaten 
i t t(, ;ii) indeterminate prolialile ('rror, goveriu'd by the variation 
iiiiln idii:d intake. It i.s not Ix'licvi'd, however, that th's variation would 
j '’'Its of (|i(i saiiK' weight making uniform gains, inasmuch as 

II ,d,e fairly closely regulated liy calorific rcijuircmciits. 
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SUMMARY 

The protein of coconut oil meal was found to be of higher quality than 
that of cornineal. A mixture of cornmeal protein and coconut-oil-meal 
protein was of slightly higher quality than the former alone, but much 
poorer than the latter alone. 

Both rice bran and wheat middling.s proved effective supplements to 
coenimt oil meal. At a plane of intake of 9-per-ccnt protein, coconut- 
oil-ineal protein supplemented with 25 per cent of rice-bran protein was 
fqiial. in rate and economy of growth caused, to the high-qualitj' com- 
bination of cornmeal and skiminilk, in which 25 per cent of the protein 
of the former is replaced by the latter. 

The trials in which coconut oil meal was supplemented In- alfalfa 
products were not very satisfactory, l)nt the data obtainetl indicate that 
the resulting protein mixtures were of no higher quality than that of 
coronut oil meal alone. 

The addition of kafhr corn to coconut oil meal resulted in no improve- 
iiK'iit of tlie cpiality of the protein. 
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THE IKX; LOUSE, HAEMATOPINUS SUIS LIXNfi: 

ITS BIOLOGY, ANATO-MY, AND HISTOLOGY ^ 

Lauha Fu)iu:x< e 

Bi'caiiso of thoir habitat on man and bnast, lien liavp t)pen known from 
the carlii'st tiinos. Thoir systomatic position lias boon a subject of 
(■(iiitrovcisv fJir more than a oontiiry, and tlio hog louse, on account of 
it' large size and wide distribution, has frequently Ix'en used for the study 
of the morphology of the ord(>r. About tlu' middle of the nineteenth 
C'eiitury there was a eont rovc'rsy among physicians and entomologists as 
til the nature of the mouth jiarts of the pediculi inf("ting man, and the 
mmitii jiarts of the hog louse wen' brought into the di-cussion by Bur- 
nifi'ter. A detailed account of this discus'^ion is given in a iwper by 
Sdiiiiiltc I ISti I. English I rans. bstiti: 2b)), Since the pediculi infesting man 
have liccn shown to lx' an etiological factor in thi' t nuismission of cei'tain 
ili'cascs, naich .accurate work has been done on their life history aiul 
iiKinihiilogy, and the many points of interest raised through such detailed 
study suggested tluit a parallel study of an aniin.al jiarasiti' might bi' 
equally profitable. 'I'he aim of thf' prc'sent work has bei-n to give an 
ai'cui'atc account of the general intermd anatomy of the hog louse, with 
a detailed description of th(' histology of c<'rtain ])ai-;s. TIk' relation 
I'ctween the parasite and its host has not been eonsid"i’ed. and references 
to vcteidiiary literatun' do not appi'ar in th(' liibliography. 

Lie 'indy was tx'gun in 1'I17 in tlu' Entomologic.al Laboratory of 
fonicll 1 iii\-er,sit V under Dr. William A. Hiley, now of thi' University of 
^hiiiK'dia, .and was continuf'd luuler Ilr. ( ). A. .lohannsen, to both of 
"Lilli thanks are due for hel[)ful criticism. Since .luni', HUS, by the 
i'ourlc>\ of the -Scientilie Directors of the Ihx'kefi'ller Institute, and, in 
Pi'i'iciiLii , of Dr. Theobald Smith. Director of the Deiiartment of Anim.d 
Litho|(in\ || hcoii made [Hjssible for tin' writer to completi' the 
^t^g:ilio„ 

XrMi'l”'! ' y inifiM. Ill ,,f l:nl.iin..l,,cv .'f ill.- NViv Y >rk Sliil.- ('.11, -ii.' .if .Vc i.'ulliir,' ill r.irnill Cm- 
Alsi, t.i,,,, ' ' iiurit of I’tifliolojcv of tin* Ko«”ki*frllor for Moiiu’til Hi'-styticli 

Partial lull i ’ ^ of tho (Inidunt.- of (’Virnoll I’luvoi'Hy. .Iiiuo, 11**0. as a thi’M-' iii 

e ui of the re«iuirfim*»ls fjir tiu* tli-xm* of .loclor of plalosophy. 

i\U 
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HISTORICAL REVIEW 


According to Moufctti (1634, Eiiglisli tran-i. lOnS), tho earliest reforenre 
to the hog louse is to he found in tlu' works of Alhertus, a writer of the 
twelfth century, who named the insect Palicidus urius. Moufotti retained 
this name and described the louse as somewhat larger than that infesting 
oxen and calves, aiid so hard that it could not ho crushed hct\ve('n the 
fingers. Linnaeus (17.)S:201.')) de.scribed the louse under tho name Puli- 
culus .mix. Panzer (quoted hy Stevenson, 100.')), in 1793, followed the 
nomenclature of Linnaeus and stated that in the classific.ation of Fahriciiis 
this parasite was placed '• with Pcdicuhi.x nxini of Rcdi (1671).” Leach 
(1817:6')) broke up the genus Pcdiculus into four gimcra, Phthirus 
Haematopinus, Pcdiculus, .and Xirmus, making the hog louse the type 
of the new genus Haematopinus. This cla.ssification wa.s not immediately 
accepted, and Xitzscdi (1818:30.')) n'vived the old name of Alhertus 
He was followed in this by Purmeistc'r (1839:.')8), who gave the synonymy 
and a brief tlvicription of the lou.-^c, and latcm /1S47:.)69) gave a detiiileu 
df'seription of the struct ur<- of th(' mouth parts. 

Systenmtic dc'ta'iptioms .and figures of the speca'es are to be found in the 
monogniphs of Denny <18-12.31), Ciieb(d (1871. lo), and Piiigct (1881) 
0.54), of which the lad is the most dettiiled. .More recent .and pnpulir 
descriptions are given in three bulletins of the I'jiited .States Di'partiaciit 
of .Vgriculturc. Two of the.se are tlie work of Osborn (1S91 ;md IS'.Li'. 
tmd in thent the sections on the hog Iou.m- tir'* idetitical. lit' calls tilfcntimi 
to ‘‘a curious pro\'i.'ion in the feet for strengthening the hoM upon O'' 
h:iir, which <loes not .secaii to have becai hithm’to described.” 1 I"' ih'i'l 
bulletin, written by Steven''()n (Hit).')), is valuable on account of the 'em' 
I)lete .synonymy .and the extent of the bibliogiaphy. 

Hetween 1903 and 1906 a number of [uiixa's n biting to the ^y-ti m itii 


position of the I’eilicadid.ae apfx'.anal in piirofM'. .Most author- ' milHU'i 
their investigations to the mouth p.arts, and for a time a liilter coniiii'''''0 
wa.s wagecl D'twi'fai f 'holodka)V.sky of .St. Petersburg and iMiih’hlMii " 
Berlin. Cholodkovsky (1903: 120and l(t0-l:.'{68)studi(‘(l numerous liens 
of the hea<i of the: embryo of Ptilirnlux while Janderk'in <1 ' 9 

I!K).5), using ch-areil [in'paration.s .and gro.s,s dissecO ions, stuilii 'l ‘n * 
Iou.se in greatest detail of all the .s[x-cie.s u.-ed, (,'holodkovsk\ 
in regard to adult lice were confirmecl by his i)Uf)il, Pawlowsky < I ' ” ^ ' 

whose; pa{x;r contain.s a di.scus.sion and critici.sm of the literatun 
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In till' same yoar Gross (1903:347) piiblishod tho rosults of his investigation 
of the ovaries of the Mallophiiga and f hi' IVdiciilidao. In his introduction 
ho Minis up an earlier investigation as follows: 

Handlir'irh (1003) places them [the Pedicvlidne] in a speeial order Siphunculata, Meinert 
ne\t till’ Mallophasa in his subclaas Blattaeforima. Ituriicr ( 1001) gives them the same mune, 
but raisi-s the family to the rank of a suborder ivinch, together with the Corrodentia, theThy- 
wpt'TU, and the Rhynchota, forms his order of Acercaria. Choindkovsky ( 10041 joins the 
(linilid le and the Mallophaga in one order, related uatli the Orthoptcra rather than with 
; Jliuiiiptera, for whirh he proposes the name Rscudorhyiicliota. Finallv, Enderlein (19041 
erpre's the Reiliciilidae as one with the Anopliira — a name originating with beach — 
nrdiT lying near to the Rhynchota. Xoiie of the four opinions mentioned is to be con- 
ler-d a.s entindy new. They are all found in similar form in the old entomologies of the 
tceding oentury." 


(Iro.s.s nc.xt ciupha.sizcs (he iinporttuicc of using other le.ss delicate organs 
Kill the mouth ptirts as ;i Igisis for coiiip.iri.soti. 

A historic.'il review of lice from tht* lime of Aristotle, together with an 
ecou:it of the getu'ral eharacterisiics of the ordt'r tind descriptions of 
jccii's, \v;i*s i)rc])'U'cd l\v Von Dalla d'orre t ItKiMi for the (<< n< i'<i Im^cctorum. 
Ill' tins Mniii'rlcin's work .'‘('rved ;is a hti'is, as it did also later for the 
■'('tioti on lici' in (hi' t''\(liook of I’titlon ;nid ( 'nigg ( l!ll3:o2.’)). Xeuinann 
l!))!l alO) criticized Lnderlein’s splitting-up of tlu' old gi'iius Ihu'niatopi- 
iib of Leach as heing for th" pres ml iin leces.sary, ami ri'Ciined the 
'I'idiii il 'laS'lliral ion in his descripl ion- of -pecies ( IPl) i. Miohi'rg (1910) 
iiiUi'lit'ii eonijiartitivc sttulics of .Vnoplura ;uid Mtdlopiiag;) dealing with 
■nil the inorpli-'lDgical and the .sy.stcmalic aspi'cls of the (pu'stion. Pre- 
Liis to dll' tiiiK' only (he di.ssertation of .''troiiilt (!.''S2. loiiglish trans. 
iSs.) i.'li lull] (l(.;ilt with the anatomy of a siiecies of Haematopinus — 
L /(//«, now Li H{ iijN<ilhtn iiluli. I'hi' oli-ervations of the earliest 
'Uii'ki rs - ' J Idohc ( 1 ('i)).", ) ^ ,Swaminerd.uii ( lllS2i, and la'euwenhoek ( 11)9.')) — 
^'"1 tile iiivi stigatioas of the .scientists of the latter half of the nineteenth 


(((.;,[( exclusiv'el v with dll' spi'cies inh'.sting man. 1 he presence 
^^s'l'iil .'ii'iiiiesin till’ field during t he (iv(‘ years I roni 191 I to 19lS, inclusive. 


Ollllpelle,! 
f':iiii!|)oi:ii 
d wlilrh . 

dll'l'ic- II 

riie I I , 
^’llU;,ll . 


intensive studies of the.si' species from medical and sanitary 
b 'vilh the suhsecpient [mhlicat ion of many Valuahle paix'i's, 
hlicr.d us(' lia.s been made iti interpreting tlie anatomy of the 
lor investigation, 

■ification followi'd throughout this paiier is tliat suggesti'd hy 
'19 :i29j in a n'cent n'view of tlie svstemalic literature ot the 


'T'uuU,. 


tfic original CiiTtnan. 
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Pediculidao. He points out that the order Anoplura Leach 1817 contains 
t’no suborders — Siphunculata Meinert lSi)l and Mallophaga Nitzsch 
1818 — and says ipase 332 of referc'iiee cited) : "Since, however, tlu- name 
Anoplura Leach ( 1817) was applied to both Siplmnculata and Mallophaga 
and in this sense a<trees with iiKxIern views, it should henceforth bo used 
in its original sense' only, there being no justification for continuing tn 
apply it to Siphunculata alone.” 

BIOLOGY 


The hog louse is the l.arge'st louse ath'cting domestic animals and is of 
common ociairrence whi'n'ver the hog is found. The hog is its only host, 
and when not moh'sti'd the' jiani'-ite is like!\' to incn'ase in large nuinhors 
and cause an unthrifty condition in a heni. 'l'hi‘ lice fre'qne'nt the fokh 
of the skin on the neck and tlu* jowl, the in>.id(> an<l tin' base of the ears 
the inside of the legs, th(' thinks, and, in smalk'r nuinbi'rs, the back, whero 
they crawl undi'r the scales to get in contact with thi' new skin. They 
ari' well adapted for e\periment,al work, beeaU'i’ they an' easy of acco^ 
and fi'oil re.'idily on man. while their -ize and their hiibit of taking hold 
of any object placed in front of them Ic'seii the (lillicult,v of ki'i'jting tlifin 
in cotihnement . 

From the time of hatching, hog lice feed readil.v on man if the,v havo 
not become weakened, tli rough too long fasting. During thi' coiir'C ot 
this inN'C'tigation hundred^ of lice have lieen h'li on the forearm without 
any resulting reaction, except, in a few c.’ise-, ;i slight r('dni"s uhick 
disappeared within h;df an hour, and, iti ca'cs in which the moiit]; part' 
were inserted but no blooil wa' drawn, a slight swcdling which disappi'an'il 
within an hour. This is eontnuv t<) the hmling of Sikorti ibtl ' ’die. 
who .saw no reaction on the first or (he secoml day of tho feeding hut --tato 
that thereafterthe skin turned red in tinttrea from I to .1 niillinietei -amund 
the jioint of jiuncture and swelled slightly, remaining thus for nieio than 
twenty-four hours. Recently Moore and Hirschfeldcr (Ittb* 
[mblished :i detailed account of serious pal hologicttl I'ffi'ctrt ot th hiti ^ 
the clothes lou.-e and clinical observtitions of the resulting illness bo’H 


ing to 8t<;V(,‘n.son (PJtJo. 12;, 

Stfx'kincn hariclling hoKS often Iwcornfs fernpornry hoRt.s of thn louse, hut i' 
tsen kiicmri to rcrri.iin for ;iny leiiKtli of time on the huiruin body aud is uul a i ’ 
on any ariimal other than the hog. ,\tterript« mafic at ttii.s laboratory H nitc' > ' 

of .Vnirnal Indu-Slryl to propagiitc- /laernuUjiiinHt xui.i on dog.s liave met with ri P' 


li.as nO'ff 
,11 I" 
|iiirpa“ 
I lailiirr- 
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Sovonil attempts have boon made to feed the lice on guinea pigs, but 
without success. I'he dense hair of the pitrs hampers the movements 
of the lice, and, if ,s!ia\'ing be re.sorte<l (o, thr' lice are left without a foot- 
hold, If the finger be iiricked and lice brought in contact with the freshly 
(orapcil lilood, tlie lice immerliately ntove away. Widmann (191.) b; 
;t'.57i dc^crilH'd a similar nmetion in man-inhvting lic<', which refused to 
.' 0(1 on various organs just removed from freshl\' killed mice. 

When placed on the arm, hog lice may feed at once or may move about 
noro or less I’ajtidly. 'W hen )\alking they .appear to move sideways as 
ilton as otraiuht forward witli tlie h(>,ad in front. The j)('(ailiar structure 
if the feet, fii'st (lesci’ilied by O-horn (I,'s9l'2() and 1901 107). enable.s 
he lice to .urasp the h.airs on the arm The til)ia ' PIat(' IW’III, 1 ) increa.ses 
It the distal end to twice the width of the jjroxiin.il end. and the dorsal 
half only ;n'ti(ailat('s t\-ith the tarsus. 'I'lie nan.aining part is concave and 
it' vciifnt! boiah'i' is drawn out to .a spur, bearing a stout spiia' at the apex. 
Ill the concavity rests .a stalked, prolrusililc, sulicircnlar p;al biririiig two 
spines and two hairs. ( )u the inner cdg(> of the tarsus, in line with the 
aii'facc of the exlciidecl jiad, is a bliitit proci-ss bimring a spin!'. The 
iiiiif'i' 'Uit’aci' of the claw is slightly .serrated. In holding a bri'tle or a 
hail', the claw is bent (U’er to rest on tiu' tibia! spur and the pad is nU'hed 
ititaiii'i (he op])ositc side of the bristle, thus preventing thi' in.seet from 
'lipping. Miiderlein i|90l 111), to vhom ( tsborn's c.arlier di'sci ipt ion 
was ('vi(li'ntly iiiik/iown, describes the pad as ;i strongly ehitinized skt'lotal 
piece (it tiiangulni- shape. In spectiiK'ns elean'd in p.ilash and motmted 
undci' ;i civer ^|,.|,ss it fre(|uently has this shape, while in living and in 
'Hiclcaicil s[)(.|.i|,,,,,.^ i( ,.d\\;L\s appears siibcireiilar. Mndt'rlein names 
d'ls ill,. i)r( hirsfil s(l(nli. which name is retained by Neumann fl911; 

! ill hi^ descri]ltion of tlie in.seet. 

I lie r.'ii de,>|.rip(ioii of a lou.se fe('<iiim is that ot llooki' ( Idd.): 21 1- 
-I'ii. 1].. described till' pas.stige of blood Iroin his arm into a lou.se which 
iw had ])|,ii'e(l then' tifter it h;id fasted for sevi'ial days, and tile working 
■* piiiiiplike tijiparatus in the head. Swaimnerdam 119^^2, Tnglish 
|,,,s, .j.ptpjj g,.|V(' a more d<'t;iil(‘d di'seripl ion, lint hi' di.sagrced with 
j '^"''Cs i|"si ri|)iioii of the mouth parts, .sjiyiiig: " I'lii' louse h;ts neither 
In ,1, nor any kind of mouth, :is Dr. Hooke di'seribi'd it, for the 
the gullet is .‘ib.soliitel.v elosi'd : iu tlie place ot all the.se, it 
pm: y,. trunk, or, as it may be otlierwi.se etdied, a pointed and 
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hollow aculcus or sucker, with which it pierces the skin, and sucks the 
human blood.” He also described the puinplike structure in the head 
the peristalsis of the alimentary tract, and the ejection of feces during 
feeding. Leeuwenhoek (169.3) describeil tlu' hook-b(>aring part of the pro- 
boscis and its eversion during feeding, in addition to other characterLstic 
actions a.ssociated with the proces.s. 

AVhen fed in captivity, the louse moves its head back and forth close 
to the surface of the anti and rapidly jerks the antennae up and down 
Then, with the head held at right angh's to tlu' tiody, it si'cins to anchor 
itself to the skin, probably by the evtuded tt'eth of the hau.'ttdhiin. While 
the stylets are being inserted, tin* thorax and thi' abdfimen are raised and 
gently rocked from side to side, and the claws make' irn'gular scratching 
motions. After the insertion the i?is('ct is holding itself in a more or Ic-^ 
straight line and at an tingli- of from 40’ to l-i’ with the arm. .Vs the 
feeding progres,ses the body is gradually lowenal, until it rests on the arm 
and with its head forms an oblique angh' LIk* act of sucking hlufid 
can best be watched in freshly molted speciiniuis. Lhf' blood is lirst scca 
anterior to the eyes in the pumping pharynx, which dilates tuid contracts 
with great rapidity, driving its (tontents into th(> true pharynx (larynx af 
Enderlein), whence they disappear under the bniin to naippear ;is a thin 
red line in the slender e.soph.agus befon; this pa.sses utuler the fat ctdls and 
muscle of the thorax. Throughout Uk' process a continuous perbtakt 
pa.s.ses along the whok,' alimentary tract, but this h.as manifestlv no con- 
nection with the drawing of the blood, as suggested by Widmann ilid-ia. 
290). It seems rather to be a means of removing from the ixcOTioi' 
region of the stomach and from the intest iiu' the debris of the pivccilin? 
meal, since it is the habit of the hog louse — at any rate whmi kept ami 


reared in captivity — to continue h-eding until not only all il 
but also a drop of blood, have been ejected. 4’he latter max' 1" 
out by the interlocking of the six longitudinal folds of the epitlieli 
of the intestine immediately behind the stomach, in order to ])i'e' 
escape of the bloo<l from the* me-sentenm during digestion. At 
feeding after hatching, no blood h;i,s been .seen to Ix^ ejected, aiie 
ca.ses after the .second feeding fec'cs but no blood have been ejei i' 
average length of a rrie.al is fr<.>m eight to twelve ttiiniites, but 
it la.sts from twraity to thirty minutes, ami at the close tlu' nmu 
are apparently withdrawn by a short jerk of the head. Occam' ’ii 
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have unrfiefl thcmsolvos anrl liave boon scon to turn pink within a few 
uiimitcs, owiiifi; to the rupture of the stomach and the spread of blood 
through the colon. This phenomenon, which has been invariably followed 
l,y (li'ath, has been seen also by Kuttall ('1917 d; 173j in the pediculi 
infestiii”: mini. The unfed louse is of a prayish color and much wrinkled, 
ffhilc the fed louse has a highly refractive, smooth tegument showing 
vary clearly the areas of stronger chit inizat ion. During keeping and 
rearing, immature lic(' have been giv(m four, and adult lice three, oppor- 
ti'iiitit"; for feeding in twenty-four hours, and the.s(> were not always 
taken advantage of. Teiniieratun' inliuences the rate of digestion, and 
the higher the temperature in which lice are kept, the more frequent must 
bathe opportunities given them for feeding. 

Sexual maturity is attained on the third day after the final molt, when, 
with or without fecumlation, egg-laying begins, d'he position for copu- 
lation has l)eeti observed a number of times. While a female wa.s feeding 
and still had the alxiomen .somewhat elcv.ated, the mah' crawled under- 
neath and interlocked his first and .s(>cond pairs of legs with the second 
and third jiaii's of the femalm Slie at once raisml h(>r abdomen, resting 
only on the liinid and the first jrair of legs and liearing the whole weight 
of tile male. 'I'lu' abdomens of both wen' curved dorsad and the male 
"ns seen to insert tlu' [rirameres (dilator of Xutt.alli into the se.xual 
oi'itice of the femah'. (Iradually tlu' bodii’s wen' lowered until the third 
pair of 1('M,< (){ tii(, male rested on the arm, and tlu' head was umlor that 
of the feiii.ale. d'hey n'lnained in this position for almost ten minutes, 
"iii'iiig which time the mah' con.stanlly stroked the head of the female 
"illi lii> antennae'. In its main featun's this re.sembles cojiulation in the 
pediculi inloting matt as dc'scnbed by .sevenil workers, the most detailed 
aoomi.t iic ing tlmt of Xuttall 1 1917 aidlfi). Hog lice iti captivity have 
not remain in copul.ation longi'r thati frotn teti to fifteen 

nniai'o, while (he six'cies infesting man crawl into hiding ;md remain so 
ncvci'al hours. 

Ihc (CH, (PI;,),. 2) are laid, one at a time, on tin- Iiristles of the 

‘On aiul ;i||. ;it (;ieh('d tolhein bya clear ec'inent . Tln'v arc most abundant 
the ,,f ||„, eog-l.aying ])rocc.ss lias bcc'n watched 

the !iiiiii;i,| ;||.|,| fei'ditig. .\ft('r drawing blood for almost ton 

"iiiip,, i( )h,, mouth parts but rctnaiticd stationary, 

* il' cikI of (iiy, alKlejiiicn licnt ilownward in ati unusual manner. 
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Neither feces nor blood was ejected from the anus, but a drop of hyaline 
fluid escaped from the sexual orifice almost simultaneously with the pointed 
end of an e^^. After a few seconds the louse moved away, leaving the 
egg attached to a hair on the arm. The position of the gonopod.s could 
not be seen, but the posterior lolics of the ninth abdominal segment 
surrounded the hair on which the egg was laid. .Vccording to Sikora 
(1915 :o36), who has descrilied the act of egg-laying on a bristle by a hog 
louse in captivity in a vial, the insect remained motionless for almost 
ten minutes after the first apix'arance of the egg, and then moved off 
leaving the egg attached to the bristle. Watts (191S:9) says, “The entire 
operation requires l^ut a few seconds, so that one sehloin sees ;i female 
lav an egg unless watching clf)s<-ly fi^r stnne titn:'. ’ In the ovaries the 
eggs are oriented according tf> Ilallez’ law, and, when laid, the ventral 
surface is attached to the bristle. The cenamt surrounds the bristle 
but does not apjx-ar to snrrouiKl the egg, which is attachc'd to the bristle 
between its transverse inedi.-ni line .and its posterior (Mid. One or more 
eggs may be laid on the same bri.-tlc, not always pointing in the same 
direction. After attachment we have .always foiuid them iminovuldp, 
but Watts flOlSd*,) states that he has found they can bo slipped along 


the hairs arid are often pulleil awn>' from the bod}' by th(' rubbing of the 
animal. This, howevfT, does not agre(‘ with his earlier statenunit on the 
same page, that “ e.ich egg i< glued to the base of a hair and is laid so 
that the sin,aller end practically touchier dn“ skin of the host, which keep'' 
the egg warm until it h'ltchc', several days later and, since the diaiueta 
of the bristle dimini>hes toward the tij), the I'ement ring large eimmih to 
surround thf“ ba.se of thf' bristle woubl tend to slip olT, carrying the citg 'dth 


if, thus cau.sirig an excessive mortality not providi-d for by ovcriinelnetion. 

In captivity the eggs arc laid on bristles or tlireads of gauze, ,nid ti 
number laid daily ap[K,‘ar.s to depeinl on tlie op()ortunity to feed, as tie 


following taljle shows; 


Opportunities of 
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Numhfjr of 
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The last data relate to a female reared in captivity. Three days after 
the lii't molt, when put on the arm to feed, she moved rapidly about 
for thirty minutes, repeatedly elevating the po.sterior end of the abdomen, 
and made no attempt to draw blood. She was returned to the vial and 
tTO hours later was given anoth('r oijportunity to feed, when an egg was 
found attache<l to a bristle in the vi.al. Twice a male was placed in the 
vial for sonu' hours, but in neither case was copulation seen to occur. 
During a period of sixtec'u days eiglitcnm eggs were laid, none of which 
hatched. The hmiale died six days after laying thi' eighteenth egg, and 
gros.s dissection showed the ovaries very much shrunken. That oviposition 
continues without h'cundation has been obscrv('d by variou.s workers, 
and the unfi'rtilized eggs are ea.sily recognizable becau.se they quickly 
change color and shriwl up. 

When lani, the c'gg is an iriile-'eent iiearly white. *\.s development 
progressc's it iK'comes more opaipu*, and towani the end of the incubation 
period it aiipiairs light amlier in color. It< av<'ragi' length is 1.5 to 1.75 
inilliiiK'ters, and its avi'rage breadth at the wide-t part is 0.5 to 0.75 milli- 
meter It is .■symmetrical, taper- posti'riorly. an<I i-: bluntly rounded at the 
anterior end, wiu're t li(‘ oporeulum is .-iluatial. TIk' wiih'st part is just behind 
the opei'ciihun i Plate L\ III, 2i. d'he surf.iee is eovc'nnl with small puncta- 
tions, which are somewhat largi'r on tlie opi'reiilum tlian on tlio main part 
of the egg. The jiuie.tion of tile egg with tiu' opereulnm is indicated by a 
small I'iilge bmiring strirtions parallel to tlie longitudin.al axis of the egg. 

Hatching not lieen observed, but I'ggs li.avi' biau) soiui shortly after 
heing liatched. The operculum opiaied .aw.ay fi’om t he lirisile and remtuned 
sttur'hed to the cgjr l,y ^ small liing*'; protruding from the egg was a small 
fmgnient of till' vilidlino membrane (I’late LN'IIl. 2'. .Vnumberof authors 
hate incut ioni'd points in conin'elion witli tin* hatching of [XHliculi infesting 
•Mail, anil Sikora (1!)I5:500) was tli<' lirsi to gi\'e a short description of 
die piiici.ss, wliieh lias since lieiui confiriiK'd and extended by Xuttall 
HOli il 1 IS) Probalily in the liog loiisi' tlu' proem-s is essentially the 
I he following data sliow tiuit tin* ])('riod of inciiliation is influenced 
'd •'iiiperat lire, and suggest a n'.asou for the seasonal variation in the 

‘''lopliient of (lio ojrjrj, 


* '"Illlitloil , 

On hi,,. 

'■lati . b , 

' ' ' Iiljiirn (1SS8). 


uftor 

About 5 days 


Authority 

Coburn'* 
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Conditions 

Eggs hatched after 

Authority 

On hog 

From 13th to 20th day, 
maximum about 16th 


dav 

Watts 

Room of ordinary humidity, at 
tem{X?ratiire of 85° F., in Septem- 

ber 

From 15 to 16 days. . . 

Stevenson 

Same conditions, but eggs kept in a 
clo.sed dish containing a recep- 

tacle filled with water 

12 days 

Stevenson 

Temperature by day of 26° C. and 

by night of 65° C. 

17 il.avs 

Sikora 

Incubator at constant temperature 

11 to 12 days (5 eggs 


of 37° C., dry heat 

hateh('d, out of 21).. 

Florence 

In vials, worn constantly next tin* 

1 1 <l,ivs (!t (‘ggs hatched, 


body 

out of 1!») 

Florence 

Condition.s as in last preceding 

13 days ( 1 ('ggs hatchc'd, 



out of 5; 

Florence 


Tho period of iiiciibutioii ovidf'iPly lies hi'twoca twelve .■itid twenty il:iy<, 
with a niinirnuin perifnl of about fhirtefui to fourteen days wlien the 
are kept eonstantly at body teiiiix-rature It is interest iti;;: to ceinpiu'i' 
this with the reeent work of Baeot ami latizell tUtll) tlSS), who tonnil 
the inc-ubatioti [wriod of th<- e<ri;s of the liorse Iou''e, /{aci/tdlDpuni 
to lx; apparently from sixte<ai to twenty days, and tin; minimnni pi.'iuil 
under natural conditions about fifteen t<j sixteen days. 

In the coursf' of their <levelopmeiit ho^ li<'e undergo three moll', mid 
reariiif' in captivity lias prove<| the cycle from ey;' to (‘kk t<j oceiip;’ liem 
twenty-nine to thirty-three days, d'he life history, as we have olei'i\ol 
it, is summarized in the followiiif' table; 


Lime from laying to hatchint' of ejr^s 16 tijilo 'i ''' 

First molt occurred .after 6 to ti d e>' 

Second molt occurred after * 

Third molt oc<’urred after. .t to •> d ' 

Sexual maturity occurred after ■ ' 
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TiniP of (lovolopmont from first-staj^o larva to mature 


adult 16 to 18 days 

Tpiiijrnilure and other conditions 35° C., continually 

next to body, in 
vials 

Numlter of feedinfjs in 24 hours 1 to 4 

Duration of cycle from ofif' to 29 to 33 days 


THE EARLY STAGES 

The newly hatched lous(' has 5-seirmeiited antennae and a 9-segmontod 
;ili(lcmien. as are found in th(' adult. 'I'he claws and the pad, already 
(l('>ci'il)ed, are presfuit as in 1 la* .adult , but no joint between the tibia and the 
taisie appc'ars until after tile final molt (Mate 1 and oj. Attention 

nns drawn to tliis point liy f.illette in his brief descrijition of the specic.s 
«rilteii for Coburn (1912.497). The head is large in proportion to the 
alm(J^t colorless body. Only the claws, and the sides of the head in the 
nyinii of the clypeus, show marked chitinization. During the first instar 
'PlaliTA 111, 3) the dark color gradually extimds along the lateral and po.s- 
tcriiir dorsal regions of tlu' head and the thorax, the legs Ix'come more 
Sidiinly cliilinized, and there is souk* indication of (he transver.se abdominal 
pbli’-' The chit inoiis plates of (In' pleurites are representi'd by small, light 
liinwii 'pots elo>o t^ th(' s|)iraeles. In thi' .second iustar (Plate LA III, 4) 
fill' ('hiiiiii/ation is genei'ally more marked, but the buccal tubi' can still 
he ('icai'l\ M'cn through the integunumt. The (r;uisv('rse abdominal plates 
■'iv iiioi'c di'\-elop('d, till' ])I;ites of the [)leuriles an' ,a])iiro.\im.'itely four times 
le liii'gc ,'is in till' first instar, .and betwecai th(>s(> (wo are small circular 
.areas. In (he third iustar (Plate LA'III, 5) the' head is more 
'"'oiigl\ rldiiidzed and the buccal tube c.an no lotiger be seen throughout 
It.-' Icna I li 'pj||, of III,, plouritc's |•e.senlble tho.se of the adult but 

‘“'I' Miincwh.at lighter in colour. 'PIk' ninth abdominal si'gment shows 
I'hii iiNzal ion but is turned slightly dorsad, and the first antennal 
''*r.iiicnt, uhieh in tlu* pn'vious stages w.as ;dinost of the same diameter 
fill' fiiiir othei’ .segments, is now consiilerably larger (h;in the.se. .\t 
tliiisl molt (he chitinous plates, which an* tlu* ('xternal indications of 
'fii'” I)' at the postei'ior end of (he body. In both mail* and female, 
' i' indicati'd by ;i sternal chitinous plati* which aiipears on the 
.1 iiil tlio fiiij-ji j.^y ;ifto[- the final molt (Plato L\ 111, 0). Ihe 
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mature female averages about 4.6 millimeter.s long by 2.19 milliinotfrs 
at the broadest part of the abdomen, and tlu' mah' averages about 4.!) mil. 
limet(TS long by 2.1 milliim'tei-s broad. 'I’lie following table gives the 
average mea.sur('m('nts throughout the lih' history: 


Age 

, \urrilKT 

1 j of 

Iii-star ; siiifo 

precptling 

molt 

1 IlllllillU'tlTS) 

Hri'adth 
( inilliriH'ttTs' 

Xe^^ly hatchril 

1 0 

1 00 

0 .'lO 

12 hours 

1 , d 

1.2.-> 

0 .'lO 

7 (lays 

1 2, (o 

1 .77) 

0 ■•) 

S', dav' 

2 i ,s 

2.2.-) 

1 (»l 

tli days 

! I 

2 .->0 

1 Ofl 

Irti (lavs 

;i i ;t 

2 77, 

1 J,'l 

U'da>s 

1 i I 

IK) 

1 Si 

la] 'la>' 

1 1 1 

3.2.') 

b.'iO 

Is days 

1 2 

4 IK) 

2.0(' 

.Mature feiii.dc 


4.00 

2 111 

Mature male 


3 CO 

2,10 


hi immature l!''e the lini-^ along wliieli the tf’gument rupture' at ineltiii}! 
are very di'tinct When about to limit tlii’ insert raises itself until nnly 
the [Xj'teritjr end of th'- abdoiiieii, aii<l the elaW' of tlii' second pair of leg', 
are touehing the 'Urfar-' on wlii'-h it rests, the bark has a humped appear- 
tinee, and the head is bent dowtiwanl at right angles to the bodv. Thr 
first rupture is along the dorsal median line of the thorax tttid giadiially 
|■■xtends eaiidad to the fifth or si.xtli abclomin.-d segment and repli.il.a! ta 
the frons, where it diviile^^, [)a"ing to the base of each t'ye. .\ir i' 'Uckol 
tij) into the |ihai\nv and pas.'es thr<»ugh the alimentary canal I" c'capi 
at the anus. 'I'he body is inflated, pU'lied ihrotigh the dorsal iniiUinN 
and s<} drawn away from the old skin, d'he body is lowert'd initil it 
touches the hair or bri~lle on which the lou.se i resting, when tin lir' n" 
folded laterally across it an<l the ventral siirf.ice of tilt' tlior.'m ''id tli 
abdomen (Plate LN’IH, 7b 'I'lie head and the thorax are graduall dni"'' 
ujtward tinfil the eyes ami the proximal segments of the anlcnn " ^ 

.seen, disclo'ing at the same lime on the old skin :i vauitral i 'li'I'" 
rupture, the stem of the T lying .along th«‘ mediati line from a poin' 
between (he bases of the antennae to the [iro.st.ertium, where 1" *■ 
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transvi'iso split; the fliitiii on oach sido of tho niodian rupturp is strotchod 
hack so diat th(' oponins rcsomhlos a trianjr|o. Tho first pair of lofrs is 
next willidrawti.aiid fh(;s(', pushing down tho skin, help in the final froeinR 
„{ the head and tho mouth parts. Tho.s<> now occupy tlioir normal position 
and the st'cond and thou tho third pair of lofrs are withdrawn, pushing the 
inset forward and fn'oing it fn,m tli(‘ old skin, which remains anchored 
t(. the surface' ui)on whicli tho insc'ct h;is omorgod. Tho procos.s took 
plao' wlu'ti a louse had hocn j)ut on tiu' .-irm to food and was watched 
through a !)inocii!ar. From tlu' first riipluro of tho old skin until tho 
oimplete oni('rg('nn' of tlio in.socf, thirty miniitos elapsed; Sikora (1915: 
oth-huiii di'M'rilios tho proct'ss in l‘nl/ri,his rcstinu nii as lasting hut five 
miiiutee X,) dc.scription of tho act 1ms boon found in the literature of 
the hou lolls'', and the slowness i'l tlu' ca.s<> oh.sorx'od inav have hoon duo 
to the unnatural onvironmont of the' insect : mori'ovcr, doatli followed 
'vitliin an hour of molting. 

Till: .VDL’iT LICE 

ihe male and tiio female are rooognizod l>y tlu'ir difforonoo in size, tho 
■diapeol the aiidoiiu'a, and llio strucliiro of tho two posti'rior abdominal 
''•I'ltiueiifs Jioih are without pigmoiilod oyos, hut the proji'ctions on the 
the hejiil ha\'o a lateral, slightly convex, refraciixa' sni’faci' suggos- 
J"' 0i a lens. While (he thorax ol tlii' foiiialo is somewhat sliortor and 
tO'iih I til, in tlmt of (ho male, (he i<‘gs of ilie .si'.xi's ari' identical, sliowing 
Jio iiio(|i(ie.((j|,,|,^ ,.i;isj)ing in relation to cojnilatii'ii. Xo constant 
ramtiuiis in pignicntatioii have Im-oii observed. 

Ill); .M\i,i; 

^ i'heal/d, linen ,,f il,e nmle is coiisidi'rably shorti'r than that of tlie female, 

* alilioiigh it measures tho .saiiu' or ('von slightly loss in its widest 
it appears coiisideralily broader. 'I’ho torgili's of soginonts 1 and 
t'lMl, hilt {'leai'lx' (h'fincd. Hairs an' jin'.sont in oai'h abdominal 
"I -I Iraiisvc'i'se row. Fosti'riorlv tlu' abdoiiK'n is rouiuh'd; the 
*''' '‘siiK'iit curves dorsad and anli'rior. bringing llu' rectal and 

Mirf'm. 'I'*' ventral 
Ij*' "‘'^>'1 ^^(rongly ('hitiiiized plat*' of charai'lerisi ii' sliaiie extending 
tiii'iit I) ''"'^vi'i'si' median line of s('giii('nt 7 tlirough .si'gnieni cS to seg- 
>1' posterior cxigi' being vi.sible from the dorsal aspi'ct of tlie 
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abdomen. Anterior to this plate, in segments 7 and 6, the anterior end 
of the basal plate can be seen shining through the integument (Plate 
LVIII, 9). 

THE FEMALE 

In the female, as already said, the abdomen is longer than in the male, 
and in consequence it appears more slender. The tergites of segments 1 
and 2 are similar to those of the male. Hairs are fewer in number and 
arranged with much le.ss regularity. The ninth segment has a deep 
indentation on the posterior median tine, and the lateral regions an 
modified into rather blunt, strongly chitinized jiroees.ses pointing inward 
and slightly ventrad, apparently a modification for clasping the bristlf 
during egg-laying, and, according to Mjtiberg tlOlO. 21(1), not unusual 
in Siphunculata (Anoplura). (In the dorsal surface of the segment there 
is a strongly chitinizeel plate e.\tending onto each projection, and between it 
and the edges of the indentation is a row of stout hairs (Plato LVIII, lOi, 
On the ventral surface the gonopods lie on segment S. They proent a 
striking contra.st to those of the pediculi infesting man, in that they aiP 
quite flat and lie widely apart, d'hi-y are flat i)rocesses, narr(miii2 
posteriorly, and their median free bonier is .-somewhat strongly chitinhed 
and .set with a row of stout h.airs. .\iiteriorly they are joined i)y a felilnf 
the integument which projects caudad in two l)luiit points ( Plate L\ III. lb. 
They have ari.sen, apparently, as. an infolding of th(' integuiueiit (jf the 
segment, and may be considenal homologous with the gonopods of the 
Trichodectidac as de.scribed by .Mor.se (19l)d.fib9). 

THE I-NTEOt MENT ANU BODY WALL 

The integument is tough rather than hard, and chitin is well (levilopol 
only in certain clearly' defincfl regions. Scul[)turing of the ciiliiul:!, 
described by' iMjdberg ( IttlO IS.Ij as typical of most .''ipliuii' ulata 
fAnopluraj, is absent from this species. In (he head the ciiniula i> 
strongest along the sides, where the muscles controlling the 
movements of the jjharyn.x are iii.v-rted, and in two transvf'rse but- 
in the region of the cly'peus, where the muscles of the pumping i 
are inserted, and a secf)nd in the funis, wliere tlu? muscles of I f t'"'’ 
phary'nx are in.serted 

Where the head pa.sses into the thorax a ring of chitin fornv 
and from its median dorsal surface two chitinous proce.s.ses cxi' 



The Hog Louse 


655 


the thorax. These were descnbod in this and other Siphunculata 
(Anopluni) by Enderlein (1904:126), who named them “ Hinterhauptvor- 
safz " and thought that morphologically they probably originated as 
tendon'^ of the retractor muscles of the head. Mjoberg (1910:202-203) 
named them the occipital apodcme.” Gross (lisscction reveals the 
continuation of the-^e processes as muscle bands having their origin on 
the apodcme of the metathorax, while muscle.s controlling the lateral 
movements of the lumd are inserted on their posterior lateral borders. 

The dorsal surface of the thorax is strongly chitinized and the segments 
am completely fu.sed with one another. In mature lice the sternal plate 
is present (an the ventral surface. Gn the prothorax, and also on the 
anterior angles of the sternal plate, is a pair of very .small openings 
apprnxiinatc'ly 0.63 millimet(>r in diameter, which are lare.sent at all stages 
of (levc'lopment (Plate LMII, 6. ,S, and 10) and have been passed over 
or variously dt'seribed up to the pu'sent time. Stevenson (1905’15) 
ill las doeriptioii of tlu- thorax, stiys: “ On the ventral surface between 
the appendages is a ehitinous shield. In each anterior lateral angle of 
this shichl 01 ])lat(* is an o|K':u'ng called the o.steoh', leading from a canal 
that extends eepli.a’ad." MjolM'rg doc's not mention either of the pairs 
0 0[)f‘i[iii^s, arid Ncuinaim (I011:d07) “a pair of very small 

thor, u-.c Migmata and "a .small stigma in eat'h anterior angle of 

‘he Aernal plate. Patton and ( 'nigg (i9l3;54S) de.scribe both pairs of 
ningf- stigmata. ( )n the .•'lerrial jilatc's of se'venteen species of 
•"iphiineiilata lAnophira) figuual l)y Kellogg and Ferris (1915: PI. IV), no 
^'Ucli ojM'iiiiiiTs an* 


ixe- (li.->.>,cction has showii that these openings are quite different from 
^ tmiiiata of th(' fr.'ielieae, tire without a closing device, and communi- 

connection with the respiratory system. 

I oi)enings on tlie prothorax are conneett'd with those on the 
^ ii'i' pi.ile liy a rigid, unitormly ehitinous canal passing directly dorso- 
off ■liil ' **'*’ tliuracic trachc.al trunk. One short branch is given 
angles to the m.aiii stem and at about one-third of the 
‘f'nn]| t lutter from its dorsal surface, and passes caudad 

11 .,;,. ' ver.se baud of imiscle which lies between the second 


•I l■d(' L\ III, 12). Series of cross sections made through the 


‘T,;,., !, 

■ ‘"i I (111! original Krpneb. 
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thorax at various angles after impregnation of the tissue with silver 
chromate proved conclusively that the structure has no connection witli 
the tracheae and that the canals are unmodilic'd ingrowths of the hodv 
wall. Tlioy are cuinjtoscd of cliitinous cuticuhi covered with a hiver of 
small liypodermal cells, and form a rigid inti'rnal frame, analogom to 
the skeleton of higher animals, for the partial support of the muscles of 
the first arid second pairs of legs ami a transvi'rsc musch' of th(' thorax. 
Xo communication between thes(> and a canal extending ceiihalad, as 
descrilied by Stevenson, has Immui found. d'h('X' an' to hi' ri'ganled a< a 
paired apodeme of the prolhorax and the prosti'rnuni. 

In the region of the metathorax on thi' nieilian line then' is ;i inarkol 
ingrowth of the culicula, which forms tiu' center of a ridge-Iikc tiiiekeniag 
on the inner surface of the .segirn'iit. This ridge .serve's for tlie insertion 
of the muscles of the neck, the legs, and tlie ilorsal abdominal plafi , ami 
may be named the mitnihorncic upoth itif. In the alidomeii tliP 
segmentation is clearer on the dorsal than on tlie vi'titral surface. Sefiineiits 
1 and 2 are small and have the ajiiie.aratice of belonging to the thorax. 
As already said, tho'C tergites an- clearly defined in lioth sexes, .'sefiincnt'i 
3 to S have strongly cliitinized pltites on the pleiiriles and modcratp 
chitinization of the tergites, while the sterniti's are almost colorless 
The primary cutieiila is vi'fv thin and <an be dis.veeted o|f witli ease Iroin 
the .secondary cutieiila, which is of a leatherx' consistency ami in scitioiiS 
has a striated afjjiearance as if ileposileil in layers. When stained with 
hematoxylin and cosin tht' secondary cutieiila stains pink excej>i m 
.strongly ehitinized regions, where the ]irimaiy and secondary nii'ciiLie 
both retain their yellow color. 

The hypodermis underlying the cutieiila is m.ide up of unifoini oH' 
which become longer and more slender on eitlicr side of the iraho.udi 
cells. The latter are considerably largi'f than the hypodcnn.il 
arnl their ba.sal part is subcircular, and in some ca.ses mtiltinuclear M imei.' 
cell.s lie ulong.side them .siTuling a prolongation into the hair. 

Tin; KESPlRA'IOIiy .SV.sl l,.\l 

Hooke fl665l stiw numerous tracheae intimately connected . itli th 
fat cells of the Iou.se, but did not recognize their true function. 
dam flf)82, Mtiglish trans., I7.')H:32j saw .sr>ven [lairs of stigmata v i i 
traclujue. He descrilx;d their structure and their numerous laa*^ 
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passing among the viscera, pointing out the resemblance between them 
and the windpipe of man. Landois (1864:12, 1865 a -bl, 1865 b: 499) 
pive the lii'st complidt' d('scrip( ion.s of (lie general re.spiratory .sy.stcm, 
(lescribing in detail and figuring the closing app.aratus of the tracheae of 
Phthirius. Then follow('(l St nilxdt 's ( 1882 KMi) description of 
rilidi illaunatopinus tcinu'rosh-i--:). Jlotli wrifem agreed in the general 
arrangement of the tracheae and llie number of stigmata, but considered 
tli(i>(' of tli(‘ abdomen as Ixang situated on segments 2 to 7, an opinion 
held earlier by Denny (I812:Tlt ami later by Stevenson f]9:)5: 15) ;ind by 
Xraanami (1!)]I'197). Mji’iberg (MHO 218) described the genei’al system 
fnr I'siphuneul.ata (Anoplui'.a) ;in<l compared it with that of Mallojihaga. 
Harrison 1 1916a' 191) worked on the ros|)lr.atory syst('m of the Alallo- 
pliaga, and used Sipliuncniat.-i ( .\nophir;i i for conipar.alive purposes. Ilis 
rcMilfs confirnK'd tin* earlier work of .Mjoberg, who had ]roint('d out the 
marked n"-eniblance between the .''siiihumailata ( .\noj)]ur;i ) and the less 
specialized forms rtf tht'Malloph.'iga. In tlK'sameyt'ar Muller (1915. 29-32) 
d(si'iihc(l and ligunal the respir.atorv systetn in tin' clothes lou.se. 

In the hog lous(> then' ;ire fourteen stigtnat;i, the typical number foi 
Siphuneulata (.\no|)lura) -- one pair on the thorax in line with the .sc'cond 
pair of legs, and six p;iirs on segtuenis ;■! to 8 of tlm abd(>men. ddie 
ahdoinand stigmatii on segments 3 to ti lie on the doi’sal transverse 
median line, while fhos(' on .segments 7 and S .are mort' ])()sterior and 
literal in j)osition atid c.ati be seen from both dor.s.il .and ventnil aspects, 
die J'ligmata art' slightly raised above Iht' integnmi'iif ;inil art' sur- 
I'mindetl liy a stttul chitinous b.aiitl, thi' peritri'ine. I’lie ihtimcic stigmata 
are tihloiig-ovalo, mo.asuricg frt)m O.tlti to 9. 97 'tiillimett'r :it the witit'st 
I’-ii't, tintl the ttbtlttmin.al stigm.at.-i an* ta’rcul.'ir. with .a tlituneler tif about 0.05 
niilliniclia- 

1 he rcspii-atory s\*stem (I’htfe HI.X, 1) consists tif twt) l.alertd tnichoil 
trunkv cMciidiiigr )|„. whttle length of iht' in.st'ct. a posterior abtltiniiiKil 
"ininii--m|. anti ftair mttrt' sletitler cotntnissures in ctimu'ct ittn \\ith the 
"riiii g,']nuh;i. In (In. abtltmien tlu* mtiiti trachi'at' hV ni'.ar tht' tlor.sjtl 
rtnfaif ..t, cither sitlt' tif the .•ilinienl:iry intet, ami aiv unitetl posterittrly 
^ '''•gieciii x iiy .| commissurt' tif ditttiieter t'tjual to their own, from which 
line branches p.-i.ss tti the f.at cells of segnu'nt !). In segments 

*" ■’ 6i, III, 'll is given tilT frotti e:ifh imtin trutik Iti tlit' sligmtita til the 

d-’iitiit ai|,j (liny 1,1 ,,,,(,|i s,.],,! ,,(1 two slendt'ivr limnehes which. 
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breaking up into innumerable traeheoles, pass through the lateral iniKclrs 
and support the digestive and reproductive orgatis frotu flicii' ventral 
aspect. Between segments 7 aiul 8, eiglit branches are given off centiaal 
from the lat('ral trunks. The.se pa.ss to the dorsal muscle plate, the heart, 
the doi-sal fat cells, and the .surface of the alimentaiy tract. 

In some sjx’cies, roots of branches e.\tending lat(‘rad from the main 
trunks, between the branches to th(‘ stigmata of sc-gment 8 and the tliomx, 
have been ih'scrilxal by invi'stigators wlio have n'garded tlicm as vcNti^es 
of branches to the lost stigmata of .segments 1 and 2. Such loots have 
not Ix'en found in this ca.se. In tin' legion of the' .si'cond segment Iwn 
slender branches are given off, one laterad and tlie other c('ntrail. The 
former .soon Iiends downward and breaks into numerous tracluolis tni 


the surface of the .salivary glands, while the latter ramifies among flic fat 
ct'lls on the dorsal anterior region of the stomach. ITidcr (he sj|.|iiite, 
of the first s(>gment a slender bram-h comes off from each main tiunkam! 
pa.sses to the dorsal surface of the stomach, and a second fine hiamli 
ari.ses where the main trach.eai' l.>end somewhat ventrad as they pa" 
into th(‘ thora.v. This branch breaks up in the thoracic miisclr el the 
third pair of legs. 

In the thora.v the main tracheae bend underiicalh the muscle' I'omiii!' 
from the legs to the metathoracic a])odeme. In line with the tliiel pair 
of legs a ver}' short branch is given off laterad, from the po'tcrioi' 'i'k 
of which ari.so two branches, one [la.'sing directly into tli" leu. ami flu' 
other cenfrad for a short distance, when it divides into three i):ii!' Hi" 
first part of this branch is the commi"ure of the metathoracic uaiiulimi, 
the secorid rtimifies on the ventral u.dl of the stomach, and iIh- tki'l 


bends laterad [ja.ssing into the leg. (tjipo.'ite the second ])air ' 
a traehe.al ple.xus, fifmi which spread si.x large branches as ucll 
.small branches .supplying the sunournling muscles and fat celb. 
florsal brani'h connects the |)le.\u.' with each thoracic stigma 
branch going cephalad divides, one part jia.ssiiig laterad to the 
of legs, the other jia.ssing ctaitrad as the commissure of the p. 
ganglion, first giving off a branch which turns backward aim .. 
the first pair of legs. T he .ser-ond branch going ce|)halad is a 
of the lateral tracheal trunk and pimses to the he.ul. A bnm 
flirectly eentrad as the commi.ssure of the mesothoracic ganc 
from it a branch .arises at the lateral bonier of the ganglion 
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arnuiid passing into thn sorond pair of logs. The fifth l)ranch leave.s the 
almost at the .same point as the preceding, turns hack, and enters 
{he main trunk centrad of the i>oitit of i.s.sue of the tracheae of the third 
pair of legs, thus forming a loop, which may correspond to the thoracic 
tracheal triangle descrilred hy Ilarri.son (Itllh a: 10.5) in .some IMallophaga. 
There, hon'cvcr, th(> tht)racic stigma forms the ape.v of the triangle, while 
this loop lii'S behind the stigma. Harrison suggests that the inner side 
(if the triangle may l)e the only survival of wing tracheae. The .skth 
branch conics from tlie branch to fin' thoracic spiracle ju^it dorsad of its 
eiitnince into the main trunk, and pa.sses into the second pair of legs. 

ha-i lieen shown, two tracheae pass into each leg, one of which lies 
ventral and tin' other dorsal. In the coxae, liranches are given off which 
iireak up into many fiiu' tracheolcs; in the fi'inur a large branch is given 
off from each trachea, and one of these hranelies joassi's along with the 
Qiaiii lirancln's into the tibia, win're tiu' latter subdivide many times, 
pa<>ing into the si)ur, the pad, tin' tarsus, and tin' claw. 

Th(' main trunks, on leaving the tracheal ph'xu.', bend central! and 
'Inrsad, pa.'sing into the head on either side of tin' esophagus and the aorta 
ilirccflv undi'i’ the occipital apodetix'. Just Ix'hind thi' sub-esophageal 
gaiigliim they diverge, and .shortly give off a lateral branch to the neigh- 
boring niusclcs. Hehind the brain a branch is given off centrad, and from 
Its root ihc conmiissun' of the sub-i'sophageal ganglion issues, while it 
pa>scs foinvaril chise to the lateral borders of tlii' braiti. 'Thi' main trunks 
'■oiitimii. lofward alongside the antennal nervi's, give off a branch to each 
oitciiiia, and lircak ii|) into mmii'roiis branchi's among the glands, the 
hit ecu'-, and tile sensory cells of the anterior n'gion of tin' head. 

1 bo c\i(‘in:d surface of the sliimia re.semliles a cart wIk'i'I with aii open 
hollini a\is, and seciions show the veslilnile lietween Ihi' stigma and its 
b'ldica 111 1„, I'lll,.,) w’ilh hair-like, chilinons structures radiating from its 
I'ltii I Miiiace loa (|,|,| \ya|| surrounding a slender ei'iit ral canal (Plate LIX, 
Ibi .s' s|)oke-lil<|. project ioii.s doiilille.ss pn'vent the entrance of foreign 
P'ltiiili' along with the air. sitnilar slnictiiri' lias hei'ii described by 
^ '^1' ' l‘tb)-.)i)) in the clothes Iou.se. Ih'tween file vi'.sfibule and the 
' '' biscrted till' closing apparatus, eonei'rning the mechani.sm of 
' h' lv is still suiiK' uneerlaint.v. l\ra in • her ( 1 SSI ■ .522-566) liricfiy 
^ 'be stnictitre in siiis. His figure sliows thi' 

n el vestibule, tho clo.sing lever, and one inirinstc muscle lietwci'ii 
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tho free end of the lever and the wall of the trachea opposite th(' attadi- 
ineiit. No further tlescription apjx'ared until that of iMjiiborg ( 11)10, 221j 
who figures a single muscle attached to the free (aid of tlie Icvci', and 
describes its insertion in tli(‘ boily wall near th(' stigma. At the' cIom' of a 
detailed study of the stigmata of Ileteroptcra and Homoptera, dilaiiimen 
(1912:172) divides insect stigmata into four groups, according as tlinv 
have one extrinsic muscle, one intrinsic musch', two muscles, oi' thivc 
muscles, connectc'd with the closing apparatus. Harrison (1910 a ' Ihli 
gives a brii'f resume of the literature on the subj('ct. He fituls in Siphiin- 
culata f.Vnoplura) and in Mallophaga two musch's, which may be lioiiio!- 
ogous with tlie " Musculus constrictor " and the “ Musculus t(Mnlin(isU' " 
tlescrit)cd by Solowiow (1909' 71)7) in the cat('rpillar of t as oe.vav L 
Muller fl91.'):;il)) refers to Land(jis’ work on Phtliirius, and s.ays that Ic 
him.self could get no clear picture of th(.‘ structure in Palicidus vi xiuin nl. 
from the study of sections. 


Study of the hog lousc has reveah-d .a closing ;tpp;iratus re.s('nil)li:ig th;it 
of Ihkrodoxn.'i hinijitdrsu^; as figure<i by Harri.son ( 1916a: llOi, «lln 
describes it as an interme(lial<' type and gi\’es no account of the niiM'iilii- 
ture. The thoracic and .alxlomiind stigmata are es.sentially the s.uii'' 
in structure and in mechani'm, but the vestibule of the thorticic 
i.s somewhat shorter, mettsuring ;i[)proxim:itel\' DOS millimeter linin th" 
surface of the stigma to the closing lever, wliile th.at of the abdoiiiia:iI 
stigmata (Plate LIX, 2) me;isures D.ll millimeter. The ii[)piexim;iti’ 
diameter of the \'i''tibule of tiie .abdominal stigmata is 0.02 lailliti'i'tri, 
and :it its inner end it narrows an<l botli w.alls Ix'eome strongly chil inizef 
A ehitiiifjus lever about 0.02 millimeter long is attached to the \-e!iti:ii 
w.all, and the rlorsal w.all [irojects into (he lumen as :i sh.irj) itoint. Oexe.i'! 
the lever the w.all eontinues strongly chilinizeil and somewh.al eiiio'^ 


for a distance of aljoiit O.OD) milliimder, when it pa.sses into tli' tr:i''io‘ 
proper. This region eorresi)<»nds to the biill.a of H.arrison. In cm" ' 
sec'tions no muscles have been founii (Plate LIX, 2), but from ihc 'tu 
of sections cut at various angles thi-re a[)p<‘ar to Ix' two nui'-ch ' .m "is 
from the free end of the levf>r. One of the.se is insertial in th' "'ii'' 
wall of the bulla, and the f>thi'r in the body w.all just dorsad ol 0 " ^ 

d'hi.s agre(-s with the findifigs of Harrison in other Siphunctil.ata inepai 
and in the iyiallo[)h.ag.a. He offers two interpretations of the ' 

(1) both the extrinsic and the intrinsic mii.sele function in ei i iii-. 
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stipuu, or (2) closing; is cfTcctod Iry fho intrinsic muscle and reopening 
|,v tin- cxfrinsic muscle. With Harrison, we consider the former the more 
reasonable explanation, in which ca.se it is a.ssumed that the trachea opens 
tl)roug:li its own elasticitj^ on the relaxing of the closing muscles. 

THE MrsCUL.\R .SY.STEM 

With llie exception of Osborn’s tl0()4) note on the musculature of the 
protrusihle disks and the claw, nothing has been published concerning 
the muscular system of the hog louse, atid the only work on an allied 
'IK'cics is that of Stnjbelt (1S82, English trans. ]88d:100) on Linognathus 
filiilt iJIiK-iiidto/iuinn t('nn!r<)str>s). Landois (1864 22, 18l)oa;33, 39, and 
ISti.ll) 49.)) describ('d .and figured a part of the musculatun' of the .species 
affecting man, ;uid was the first to ob.serve the arrangement of the muscles 
ill the female. Hecetitly Muller (lOlo'lO) has confirmed the work of 
Laiideis and has (h'.scribed in .addition the arrangement of the mu.scles in 
the male Xuttall ( 1917 a:2tl.')) ha.s briefly mentioned and summarized 
the different arrangement of the abdominal mu.scli' plates in the two 
.S'xis as described by l.andois and Muller. 'I’lie musiailature of the hog 
Iniise presents soiik' striking contra.sts to that of th(' i)edi(aili infesting man. 

Ihe liiaid contains man\' musch's, of which the majority control the 
pharynx and the mouth [raids and are described later in connecticn with 
th(w‘ parts. 4'he muscles controlling the tmteimai' are confineil to the 
|''‘tid:ind the first 'Cgnumt of the' anlemnie, tho.se in the he.ad all origimiting 
the dor.s.al wall and none of them in the vmitral .as in the [X'diculi inft'sting 
iiiiin. I here ;ire six musch's. which origimile in dost' sma'cssion on (dther 
e) the doi’sal mt'dian line tibove the fronttd g.anglion ;ind innnedititely 
P"^tc)ioi to the ek'cator musch's of the |)umj)ing jrharynx. The two 
ttiittaioi muscles pass obliquely btickward ami downward, and tire inserted 
Ml the veiitia! articulation of tlu' antennae with the hi'iul; the two median 
*Miis<les jia>s tdino.sf directly venfrad tind tire in.serted in the dorstil 
of tl],> tmti'initie with the head; and the two [losterior muscles 
I'M's oli|ii|ia.|y jinti'rior tind downward and tire inserted innnedititely 
P‘^8i‘ii(i, 1 , 1 1 ]||, jim.scles. In tile antennae the mu.scles are confined 

j" ''Cgmcnt, and consist of four bundles originatiug tit the articu- 

^1' de antennae with the hetid and in.serted two in the anterior and 

UVO Hi 1 i , 

1 posterior articulation of .segments 1 and 2. 
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The muscles controlling the movements of th(' head lie in th(> anterior 
part of the thorax and have their origin in the metathoracic apodeme 
and in the strongly chitinized tergite of th(' jirothorax. The elevator 
and retractor muscles are six in numlx'r and originate in the nudathoracic 
apodeme, three on eitla-r sid(‘ of the median liiu': the two median iniKcIes 
are inserted in the distal eiiiis of the occipital apodeme, and the two lateral 
muscles on ('ither side pass cephalad and are inserti'd in the neck, Tlie 
two depressor muscles an' m.ad(' up each of thn'(' strands, and originate 
in the dorsrd w;dl of the piothorax on ('ither side of the elevattjr nuneles 
on the transverse mr'dian lira' of the first pair of h'gs. Tlaw fiass ol>li(|iicly 
ventrad and eeplndad, and an* in^e|■ted as two short, stout tendoti-; ia 
the chitinous ring of the neck on cither sid(' of the ventral median lire. 
The lateral movements are controlled hy muscles made up each of four 
strands. They originate in the dor-al w;dl of the [rrothoi’ax latei’ail of the 
dcpr(‘ssor muscles, and jkiss ohlicpicly centr’ad, when' they are insci-tcil in 
the lateral borders of the prongs of the occipital apodeim'at its distal I'wl. 

The muscles cfrntrolling the legs originate in the metrtthonicic aixidciir'. 
and if the dorsrd surface of tin* thonix be carefully I'emoved or if hoii/ionid 


sections be made through this region, the muscles anrsecn to have a sti'llute 
arrangement with the aixxleme as the center point of the star. A siiiiihit 
condition exists in the pediciili infc'ling man, and has l>een li, min'd la 
Aliillor tlttbp. 'rtiere are !'• all ■ ighteeri groups of muscle -ti'ruifs 
originating iri the a[) 0 'lcme, ami tle'ce of these groups rtre iiaei'ti'd rw 
teri(lon.s — two in the doisal articulation of t h(“ coxa with lla ihcM''' 
atnl one a short di'tance within the ventral wrdi of the coxa, ia cru ■' I's 
Kach group is eonijxc-e'l of some five to sevi'ii strands, wliiih \.a,' ^ 
length according to their jxiint of origin in the apodeme. 1 1" miis 
passing t<) the fir.-t (lair of legs are rd.'^o .su|)ported In' the apodem 
pas.'c.s from the prothorax to the |)ro.sternum, and if this be di" 
it is seen to pass thr(>ugh some of the individual strands of tlx t 
t)n the ventnd surface of the thorax there is no mu.scle plate i 
that of the fK'diciili infesting man, but two transverse mu>' I 
passing, resix'ctively, between the ventral borders of the 
second and third pairs of legs, ;ire present and corresixmd to llr 
muscles described by Muller. 'I’he anterior band consists ot h" 
and in the.se are inserted the jxwterior arms (jf tiie apodeme of (!■< 
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and prostc'rnum. It lies just anterior to the stomach, below the esophagus, 
and is covered vcntrally by the thoracic ganglia and many fat cells. The 
posterior band consists of two strands and pas.ses across the ventral 
surface of tin* stomach. From each of the iroints of its in.sertion in the 
coxae of llie third pair of l(>g.s, a muscle pa.sses .somewhat obliquely cephalad, 
and these inuseh's an' inserted in (he jrosterior arms of the apodeme 
where tliey enter the anterior transvei-.sc muscle l)and. In .se'ctions made 
through lice having the stomach (ilhai with blood, th(' transverse muscle 
bamls ;ipp(‘ar to be imbedded in the stomach, owing to its walls having 
become ilisteiuh'd on cither side of (hem. 

The work of Landois and of Muller h.as madf* known the great difference 
in the longitudinal alaloininal musculatun' of the two sexes of the inan- 
infeding lou.se, and Niittall (FJ17 a: 2%) has summarized (his difference 
as follu\vs : 

Dorsil atxlomm il Ventral abdominal 
iiiUM-lcs arc pri-.-.t‘nt museles are present 
under .'Cgnicnt.s under segments 
In the male .... ... , g, d, t, (i. 7, s 2 + 3, 4, o, 6 

I'l the female .0, 7, .d 2, 3, 5, 6 

In the hog louse no sueli difference is found. In l)oth .sexes a dorsal 
iiuiselc extending tin' wholi' length of the jiltdomtm is jrri sent. It consist.s 
of some eight muscle st rtuids on eithi'r side of tht' median line. In segment 
1 these slninds converge to the [toint of tlu'ir tittaelmnmt to the po.sterior 
surface o! (lie metathoi'iicic apotleiut', ;m<l po'leriorly, it. segments 8 and. 
h. the two halves of the pl;i((‘ diverge' .'UkI the lit'arf iies between them. 
The ('(lilt Cart ion of I lie museh' (il.atc r.ai.st's the posterior end of the abdomen, 
hi hdtii ^(■\os the ventr.al muscle plate tl’l;t(<' LIX. ll In'gins in tht' anterior 
holder ot '.(■uiiiont 2 and extends cjuukid to tlie po.vtt'i'ior Ixtnlt'r of segment 
h. !hc iniiiiltcr of sjrtuids in each segment is appari'iitly not arbitrary, 
‘iiitl the billowing htive been found most fretiut'iitly; 
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XuiuImt of s(r:iiuls 


III in.alu 

ill fonialo 

cuincnt 2, 

12 cent nil and 1 latt'uil 

10 centnil and 4 lateral 

Tgiiiciit ;5, 

1 1 

IS 

CUIUclil 

n 

16 

'CO. cent ."), 

It 

16 

’'‘Oll.cl.t (i, 

14 

16 



664 


Laura Florence 


In segment 2 the four lateral strands frequently appear as three, bccausf 
the two outermost fuse almost immediately after leaving their attachment 
between segments 2 and 3. At their proximal end th('se lateral st rami'; an 
attached to the lateral body wall a short distance ceplialad of tlu' aiiteiioi 
border of the pleurite of segment 3, and at their distal end, when looked 
at from their ventral aspect, th<' innermost strand and a part of the 
next innermost are seen to underlie the three outermost of the central- 
strands. The dorsal and ventral iniiseh' pl:ites are composeil of segmental 
muscles in which the attachment bc'tween thosr' of the successive' seg- 
ments has Ijecome stronger th;in their attachmmit to the intcrsegmental 
folds of the body wall, so that the dorsal and ventral muscles can he 
dis-sected off as entire muscle plates. 

WTiile the two sexes bear a close resemblance in the longitudinal muscu- 
lature of the abdomen, they show ;i marked contnist in the dorso-ventral 
musculature. In the male the digestiv(> and reproductive’ organs occupy 
only the center of the alKlonnui, but in lh<’ female’ the eevaries oecupy 
most of the lateral regions as well. In the- m;de? the’ie’ is a pe'we’iful eloi^o- 
ventral musculature, whie-h ne)t otily .■i.ssi.-'ts in re‘,si)ir;dion but phivs an 
important part in the act e)f e’ejpul.at ieeii, 1 luif p.art eef eae'h eef se'giiu’iits 
2 to 8 Ix’tween the alimentary e-aned anel the- l.ite'ral be^eiy wall is filled 
with stout bleee’ks of muscle, eletinite’ in nuinbe'r ;uiei Jirriinge’ine iit tor e'ueh 
Sf’gnient (Plate LIX, In .segment 2 tlie^re* are twee bleee'ks eet m);scii-. 
in segrnent.s 3 and 4 eight blex-ks, in se’gmeuils •'), li, anel 7 nine hlocks 
anel in se'gment 8 eight blewks. d he- tr;ee he'ae- freeiii the; stignia'.'i to the 
latenil trunk pa.ss betwe;en tliecse blex-ks of inuse’le', anel bedwe'e’ii the lUiisdc 
anel the lateral bexly wall lie nume’roiis f.at ee’lls. In .segmemt !i, wiHie 
the mu.sele's eaintrolling a p;irt of the- eoi)ulate)ry apiriratus oimiii.ite. 


there are nej dorser- ventral bheeks of musele’. 

In the female theue is a deep l;ife*ral ineh’ntat ion between tlu' '■uio ^ 
segments from 3 to 8, that belwee-n se'gmenfs li eind 7 be'ing 
des’per than the othe'rs. Inlr-riuilly llie-.se indent.ations have’ thi‘ .'I’P ^ 

of pillars or sectioris of the cutieuila whiedi 'liviele’ the iate’i.il ^ ^ ^ 
.suce-essive .segments intei a series f)f .small ch.iml>ers. At the ' i 
cuticuLar pillar twe^ banels *)f mii.se-l(! .are attaedieel tej the; eleus.el ■ ^ 

walls of the .abelomrn, and the.sr; curve; edose' to the centnul \ 
pillar. In segments ■!, b, li, 7, and 8, in the anterior half of 


I ef ttlf 
-(■"iiK'id 



The Hog Louse 


665 


their is a moderately stout band of musele whieh is attached to the dorsal 
and ventral cutieula l)et\veen and in line with the bases of the pillars. 
Witliin the lateral chamlrer of each of .s<'}rinents 3 to S there is a ^roup of 
five dender muscle strands, ami in segment 9 there are six larger strands. 
On the ventral surface these delicate strand.s are attached to the body 
wall just lielow the strongly chitinized ph-urite, and from there they pas.s 
wniii'what ohlirpiely centrad and ehmsad to th(> cutieula just within the 
central border of the chamber. 

The leg muscles are similar in l)oth sexes and slow no unusual modifi- 
catiiHis ('xcejit in those controlling the claw. Landois (lS;i.')a:33 and 
IS(i') 1)'49.)) studii'd in part the leg musch's of th(' man-infesting pediculi, 
and Muller (191.): 14) has figunsl the mu.s<-l<‘s of the leg of a female clothc.s 
loiho .\s already said, (tsborn (1901) <le>ciib«'<l tile muscailature con- 
trolling the tarsus and claw of the hog Iou.''e. T'lieri' are four muscles in 

each eoxa, which originate in its articiil.ation with the thorax and are 

in^M'fed in its articulation with tin' troclianter Within tlie latter :>re 
the tlexor .and e.xtcuisor muscles of tlu' hunur, with tlnn’r origin and in.sertion 
in its jji'oximid and its dist;d ;u't itail.at ion, r(\sp(>ct ively, d'lie flexor muscle 
of the tibia is uiad(' tip of a numl)er of liliers winch originate ;it intervals 
along the dorsid w;dl of the femur and come togethi'r in one tendon for 
their iiiMition in the ventnd line of the artiiailation of the femur widi the 
tihia. 'I'lie extensor mtiseh' is made np <if two bundles of fihei’s originating 
to the ai liiailation of the troeliantiu' with the hanur ;tnd in the proximal 
hoisii wall of th(' femur; it ends in two tiaidons which arc inserted in 

toe aitii iihitiou of the femur with tin tibia on th(‘ dorsal sidi' of the leg. 

hi the lilii.i tlna’e is oik’ large luuscha made uj) of a miinher of closely si't 
hher^ whiili originate in the proxim.al posl)a'ior .and ventral walls of the 
^"'*0- 1 he muscle pas.ses along the whoi(> l(Mig(li of tlii' segment, midwa.y 

(ill ^vliieh is inserted m (lie base of the protraetih* disk, 

lo etiti rnig lh(’ l.arsiis llie museli' becomes a ti'iidon whieh ends in a 
■''tojiiglv I latinized process of a diameter somewhat greati'r than that of 
feinidii it;,,. If It ins('rt('d in tlie vmitrai wall of the tarsus under 
. '' hiv' o! Ill,, hlunt |iroeess siluali'il there, .so that its anterior end lies 
"iih.ii i!,|. ,,f ti,,, .,,,,1 attaelied to its ventral curve. 

attachment of this museic' has hiaai di'termined from 
"1 uiouiits of gross spi'ciinc'us and from numi'rous dissections 
b must l)c regarded as the extensor muscle of the claw, ami the 
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branch soing to the disk must be the retractor muscle of tlio (Usk 
Osborn figured this large muscle lying in the tibia as inserted in the (Inrvai 
wall of the tarsus, and a continuation passing from there to th(' dorsal 
curve of the claw. He also figured a flexor musch' of the tarsus. Xoithor 
of these two conditions has been found in the pn'sent investigation, ami 
the absence of Hexor mu.scles of the tarsus and the claw may be explained 
on the following grounds; the tarsus becomi's defined as a .segiiK'iit (hVfinct 
from the tibia only after the final molt, and is then practically ininiovable, 
while the claw in its norm.al resting posilion is Ixuit ov<>r willi its tip 
touching the ventral anterior extension of (lu' tibia, .so that onl}- an exti nsor 
mu.scle is nece.s.s;iry for its function. No nu'chanism for ejerting the 
protractile ilisk has Ix'cn fouml, ami, as Osborn sugg('sted, this ejeitiun 
may be accomplished by means of an elastic fr.imework. 

The foregoing account dc.ils otjly with what may Ix' called the skeletal 
mu.scles of the lou.se. Th(‘ musch's c()nt rolling the x'arious systeins of 
the bodv arc described later in their respective c(H)nections. 

The histological structure of the muscle is be.'t sT-eii in the iiiat(‘n:il 
fi.xed in Bouiii's solution and stained with .Mallory's anilin-blue conneetive- 
ti.ssuo stain, when all the cro,s.s-st nations stand out with great (deartiess 
All the muscles have a wellaleveloped sarcohmima ami are richly sui)plii'd 
with peripheral nuclei. 


THE VAS( TI.AIi SVSTE.M 

In the writings of the early investigators of the Pe<Iiculidae, no n'al 
description of the dorsal vac-.sel is to be fouml. Landois (1S61 11'. dtci 
man}' attem[)t.s, di.stingui.shed in freshly molted insects a slemlri- nil" 
originating in the region of the transverse tracheal band. Ih' nind if 
cephalafl to the middle <jf the abdomeii, but could follow if n" l eili*'- 
It.s pulsations were more rapi<l than those of the ,stoma(h. Miehdn 
(1910;22.‘}j ixa’nted out the similarity of the la-art in tin- tw.' eieup 
which he .studied, and drew attention to the lack of any thoim 
in the- Hi|)hum'ulata t.\.nf)|>lura). .\ccording to Sehnider (I'.b- 
Provazek in descrilx-d and figure<l the he;irt of 11"''' 

tijiinulo-viH Hurrn., ami this apjx-ars to be the first anatomii-ai < 
f)f the heart of a siphuneulatan. Miiller tl9I.o:27j has figureil 
of the clothes loii.s*: in grrj.ss and in sr-ctions, and ha-s desciilx'. 
its anatomy and its pulsations in living sjxjeimcnrf. Harrison (1"' 
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jpiiii attention to tlio siinilnrity of the hourt in Mallophaga and 
iiphniK'ulata (Anoplura), and rcforivd to Fulnick’s flOOr)) work on 
^lallophajia, in whicli tlioro is a short n'suino of the litoratui-e of the Jieart, 
boi’iniiiiif; witli the work of A\('dl (IXo.")), who first distingnished in the 
:lorsil vi'ssel a posterior, specially eontraetile part — the true heart — 
and ail anterior, more' vessel-liki* part — the aorta. 

Ill the hofi louse the lu'ai't lies in the two posterior ahdoniinal se<i:nients, 
liptivrcn the halves (jf the' ilorsal inu.seh' i)lal(', and is aftaeh('(l to the 
iloi'sal wall on either side' of the median line hy two delicate si'ijta. It 
h nhlonpr-ovate, nieasiirinj^ appro.\ini.al<'ly milliniefer in lenii'th 

and (I.Oe) milliiiieti'r in hreadtli, and has two latia'al indentations on 
citliei' side whidi jilve it a thrr'e-ehamli(>n'd .ap|)e.aranc(' iPlati- LIX, (i). 
.Vttaclii'il to the lat('ral and \'entral surlaec's are thi(‘e j)airs of wintr muscles 
whicli pas^ directly laterad imih'r the two hah’cs of the dorsal muscle 
plate ami are inserted in th(' latt'ral liody w.all toward thi' ventral .siirfaci', 
Ifitlie centi'al winjt muscles on ('itliei' sid(‘ is .attached a tiiaiup of six peri- 
nti'dial cells similar to those deserilied hy Fulmek 1 1 !•;).’> in .V/r//o/.s’ 
?p. In tii’oss dissc'ctions th<' O'tia cannot h(> chaiil)’ seen, hut sections 
>limv three pairs. Literal in ])osition. .\nleriorly (hi* hmirt leads into the 
‘V-irta, wliieli lies free ihroutihoiil most of it' leiifilh in tin' body cavity 
and passes cephalad enterin,n the iK'.ad alongside the eso|'hayiis. It.s 
"idlli vai ii's from ().():{ millimeter at ihi‘ posterior end to (t,02 millimeti'r 
at till' aiitei ior end. In some few eases ii sceiiieil swollen to a hull) ill the 
a‘i;iun el sennients 6 and .d, hut we did not linil this to hi' a constant 
diai'ncter. 

ILe mill III lli(> heart is very ihin, and m section it is .seen to he of 
'■'"^'Vcii lliii-Liie.ss d’lah' Ll.\, 7). Its histoioyieai elements ajipear to he 
inii^eiilar, and, while nuclei are visihle, they resemhle those of 
Miceiiiiiiii., rather than tho.se of a true epitlielium. \\ here tin* wall 


mainly 11, iiiiactiah it has a false ,ap|)('aranee of heinn; toothed. hero 
p'i'ses into the aorta there is .i .stieee.ssion ol six pen’s ot valve- 
extendiiifr: from opposili* walls of the aorta into its lumen 
' •n('(‘tini!; ou the lui'dian iini'. Sections showed no deiiiiitc 
r, '' 'I would reveal the (nu* liislnlo^ieal nature ot thi'se. 

,, ** hhiiil fluid and ils cells can he .seen suiyly and in 

throufrliout (he heart and lh( tiorta. i'hi'V are definite 
"ith a well-defined eenlrai iiuelcus, and do not appear to ho 
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numerous. Owing to the thickness of the cuticula it is impossible to 
watch the pulsations of the heart in living specimens, as was ilone bv 
Landois (1804:11) and by Miiller (191.‘):29) in the clotlies louse. 

The most successful preparations of the dorsal vi'sscl hav(‘ been obtained 
by first removitig the dorsal cuticula of the whole tibdomeu and then the 
dorsal muscle plate. If the posterior atfachmmit of the muscles of seiiment 
9 be carefully loo.sened, the heart and its wing musch's will .iienerallv be 
found intact on the ventral surftice of the muscle plate. 


THE NERVOlS srsTEM 


Since the time of Swammerdam (1082, English trans. 17.')S:30), it h;u 
been known that lice pos.sess three barge thoracic ganglia ;uid no abdominal 
ganglia, and that nerves pa.ss ba<'kward from the metathoracic gaiisilion 
over the ventral .stomach wall. It was not, howeva'r, until almo.'t two 
hundred years later that a more detaih'd de-;( ription of the central iici'viiu< 
system appeared, when Ltindois (180-1:21) puhlishml his description nf 
Phthin'iis intjninnh's!. He referred to Swainnierdam as correctly (lc'cril)iii 5 
three thoracic ganglia, :md to Hurmeister (lS-17) ;is imajirecily dcMiiiiins 
two in the Pediculidae. He figured the brain, the (■f)nnectivc'i, and tlv 
thoracic ganglia, but showrd neither a sub-esophageal ganglion nor a 
.sympathetic .system. In his study of Pdicitlu.-^ irxtiinrnti, puoli.'licd a 

year later (Landois, 180.'> a: .rl), he found tin noteuorthy diflercnci' hetmen 
the species, Briihl tl871:477j devoted his altetdion chiefly to the stud,' 
of the peripheral ganglia, whi<-h he dc-'cribcil as *' Ilaai'-t >chii'i:c :uiil 
of which he counted ajrprftximately one huiidnal and fifty on c.ii li loU'' 
Gralx-r (1872:100) r<'viewe<l the work of L.andois, and dc-< 
connectives between the brain ami the thoracic ganglia as hi i' L; at I' l 
four times the length given by L.andois. On one occasion Ik 
figurcfl a fK’.ir->hap<sl g.-inglifm with two nerves p.assing Im'! 
it. He thought it w.as the hithertfi nndescribial siib-esophag' 
but, since it lay on the dor.ial surface of (lie e,so|)hagu.s, he coi 
it must 1 m( a part of the visceral nervous system. Mjobetr 
did no work on thr? nerva)us .system, but in a short- note he na 
concentration of the ganglia in the thoracic region ami ll" 
detailed work in both Siphuncubata (.Vnoi)lura) and -Md 
considerable advance has Ixsai made by Aliiller (19b> •’ 
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liKcripti'iii of the norv'OHli systoni of tlio flotlios louso, and ha has called 
(o the fact that, althoii<i;h in tin* mature loii^e the paiiKlia are 
i.,i,,|.|.iiti:Ued in the thoi'ax, in tlu'enihryo fijriired by Cholodkov'sky 1 1903 : 
I'l)) they ('xtend soiik' di?-tani-e into the .abdomen. 

The central nervous system of the ho^ louse consi.^t.s of five ganglia, 
their ((iiiiiectives, and commissures, .and its appro.ximate length from the 
ivilerinr border of the brain to the ])osterior border of the inetathoracic 
p;,nli,in is 0,tl3 luillimctcM' ( Idate Id S). d'he supni-esophagca! ganglion 
lies in ihc posterior half of the head behind the level of the insertion of the 
.lurciiiiae It is ;i large, compact ganglion, deeply grooved anteriorly 
and surrounding th(' dorsal and l.atinnal .surf.aces of the esophagus like a 
fiillar; its position is somewhat oi)li(iue. and the three segments of which 
it is ('omposcd .are verv closrdy fused. Its anterior lobes are joined on 
the veiiti'a] surf.aee bv tlie eso[)h;ige;il eommi.sstires, whii'h can be easily 
soni in sections l)Ut are invariiddy broken in the process of gro.s.s dis.seetion. 


Thc'C eoniiuissures wen' seen abo liy Muller iinio.341 in the clothes 
loii'i’, ami he siigge,,ted that they bc' ii.aiiied tlie ” ( ommi.s.sura cerebri 
siiliplini'vnge.alis." I'roiii the t ritoeerebroii ;i pair of nerve.s pa.ss out 
fiiitei'iorid :uid soon di\'ide. OIK' hraiieh ol each .going to the frontal ganglion 
iiiid flic otlu'i' to the labriim, where each sulidivides into at least four 
iiraiielies terminating in larg«' multinueh'ar si'n.sory cells trom which 
leiidei' processes pass to the anterior w;dl of ili('h(’adon eiiher side of the 
imMelliini '|•|,e ventnd anterior part of tlie deiitoeerebron forms the 
'If'li'tiiry lolies. 111 gi'dss ilisseelion tliese eould not l>e di.stillguishcil, 
'Ut lijey uere found in series of luiigit iidinal sections t lu’ou.gh the he;ul, 
aid li'iini e.'ieli a large iii'i'xa' passes to the antennal'. 1 liese nei\es lie 
duisiid niiil soniewli.ii lateral! of tlie nerves Iroin the tritoeerehron. Iho 
'I’fir liiiicN, ;iPi| iiidislingui'liable from the mass of tlii' brain, .st'nd iicines 


out tn till. whieli ari' situated on proniinenees beliind tire antennae, 

puoiK ili'Ni'loped, and are without pigment. 1 he suli-eso)ihageal 


Plllirlliii 


I i' eoiieealed aiiteriorK' I’V the protoeerehral lobi's of thi' biain, 
'I'ld the ' -.opliiij^i.iil eoiuieetives 


, „,,,.s,,v'es are so sliort as to be invisible unless the 

^ ' aii'i il. It is a heiu'l-sha[)ed ganglion, broadest interiorly, and 
I iii.'ill iiiili'iilalioii in which the e.sojiliagiis rests. In sections, 
"I iienes can be .seen pa.ssing from it to tin' mouth paits. 

■ipex of the suli-esophageal ganglion two closely a])lK)sed 


'hive p:,,,. ,, 
I'loTn i;,, 


'lOlllK 


l-'eli' 


pass liaekward along the iin'dian line to the iiiothouuio 
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ganglia. They measure approximately 0.22 millimeter in length. The 
thoracic ganglia are large and broad. Their approximate length is 0.38 
millimeter and width 0.28 millimeter. They are clo.scly fu.sed, showing 
neither connectives nor commi.sstires, but both in gross specimens and 
in .sections it is evident that each ganglion has arisen throngli lateral 
fusion of two ganglia. They lie in the most anterior part of the thorax,' 
and when the stomach is distended their jtosition is oblitpK' dorso-veiitrai 
rather titan vt'iitral. .Ml three .staid nut latia'al laa-ves to the legs and the 
thorax, and tin' metathoracic ganglion sends in addition eight nerves 
to thi' abdomen, of which tht> two nearest tbi- median line are the largest. 
The.se nerves pa.^s Icickward to the ninth abdominal .segment and give 
otT in their coursi' many shaidi'r branches to the visceral and reiiroductivc 


organs. 

The 'Xanpathet ie '•v-tian is well dex'tdoped. 1 he frontal ganglion is 
somewhat )K'ar-shape<l an<l li<‘s some d.lld millimeter in front of the hiain, 
on the median line above tic junelion of tie iiumping plnirynx with the 
true pliarynx. Slightly la term 1 on either side of the ganglion a siiri 
nerve is gix'en oil anteriorly from the brani'lies eonneeting tin g,inglii)n 
with the brain. The course of these nerves has not lii'en .seen. Imt iIk'} 
may eonneet tli(‘ frontal g:ing!ion with two smaller ganglia which :u'f 
uniti'd to eai h other and lie on the medi:in lii:e above the anteiioi [uit u 

the buceal idate of Harrison H'late J,\, 1 i. Similar ganglia have oO™ 

seen by Sikora (lt)lli:2.S' in Hie clothes hai.se, and she lets .siiggeScdtu 
they tire lioinologues oi the prefront.d nerve ple.xiis desiiibid i.i 
iiis-ects. From the at.teiior end of the froiittd ganglion a 
forward on the meditin line, and from it miinerous Itileial 
given off. From the posterior einl of the froidtd ganglion tli ^ 
nerve runs btu-k, pti'.siiig under the brain clo.se to the dorstd 
esophagus and finally terminaiing in tlie thorax in ti 
sit mated aboxa; the cut ranee of the esophagus into the stoma' 
■ • - baekward over 


nerves pa.s.s 


this ganglion at least two slendt 
.sfomaeh wtdl 

Both in gross dis.seet ioii.s and in the study of seiitd .si (In 
circular structures, of a diameter approyimtiling IktH 
been found urider the protoeerebrtil lobes of the brain. ' 
up entirely of gtinglion cells, show no central substtinii, 
deeply than the .surrounding ti.s.sucs. In no ca.se hui’ 
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hem traced l)etwoon them and the brain, but they are in close association 
with the tracheoles of the eonirnissure passing under its posterior part. 
While a study of the te.xt.s (jf Berlose finoOrdSS) and Schroder (1912-13: 
Sti) suMuests that the.se bodies may be homolof^ues of the “corpora allata” 
de^crilK'd by Carriere and Btirfrer in 1S97. Ileyinons in 1899, Janet in 
IS!)!), and others, a knowledjr*' of their development is essential for their 
correct interpretation. A short distance l)ehind the brain and appro.xi- 
mately above the esoi)ha}real Kanalion, tlii're h;is been .‘<een in longitudinal 
sections of the head a ganglion I’n the course' of the recurrent nerve, but 
no branches have been found issuing from it. 'I'his may be the hj-po- 
cephalic or hvpo-cerel)ral ganglion figured by Berlese tl!K)9 .59(5). 

Xo atti'inpt has b('en made to interjen't a perijdiei’al nei’vous .system 
,«uch as was dirscribed by Bri'dil ilSTl 477) in (he jM'diculi infesting man, 
hut if the nerve to (he antennae be followed, i( is .-een to give oft’ branches 
tu the .second and third segments which end dio'ctly under the cuticula 
ill large imiltinu(dear .sen.soiy c('lls similar to tho.se at the termination of 
the labral nerves. In the terminal .segment the ner\-e lireaks up into 
hraiiclies cnrn'spondiiig in nundx'r (o (lie blunt spineliki' proce.s.ses on 
the teriniti.al si'iisory plate. Mach bramdi ((‘rnun.alcs und('i' its proccs.s 
iisai) oblong-ovate mult itiuclear .sen.soiy cell i l’lat(> I.IX, t)i, hut the actual 
niiinections betwi'cn (he ci'IIs an<l )ln' jirocesses ha\'c not bi'ci .seen, 
t'linilar scnsoi'v c('lls havi' bee!i si'cn in a b'w si'ctions underlying the 
luirs ot (!],, abdomen. 


iiiK sroMoi),\i:r.\i, .moi ih rxitrs, .wo s.vi.iv.vHV oi..\.\ds 
\\’iliiig (if )]|(, clothes lou.se. Sikora (l!t|(l,22) .sa\s: “ Ms gibt kaum 
''"'icres Insekt, fiber (lessen .\natomie .so langi' gi'sirittcn wurde, 
ul)ci- (la.s so vide voneinandor gan/.lich abweichendi' Xleinungen 
t'^'^'Uscil wonlci) wiiren. wie die bans. ’ Most of tlu' li(('rafur(‘ is 
''’hconie of invest igat ions of tin' man-inb'sling pcdiculi, but in some 
less detailed comiKiralive studii's Ikim' Ik'cii made 
lous(‘. With a few exceptions workers have confined tlu'm- 
’^'e study of (he mouth parts and tlu'ir honuilogii's, and this 
''■.(Mins: first, Ix'cause in tlu' middh' of the last century a contro- 
. ".o I al lied on as (o wlu'ther lice po.s.s('.s.s<'d biting or sucking mouth 
' ‘''‘'1 siM'ondly, Ix'cj 




ause t h(' svsti'inatic position of tlu' grou]), long 
uncertainty, was tlujught to be dependent on the morphological 
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interpretation of the mouth parts. Owiiis to the specialized iiatmp of 
the mouth parts and the lack of any ontoRenetie jiroof of tladr hoiuolonjris 
various interpretations have been offered 63' invest igatoi-.s aceeidinij 
their views of the affinities of the group. 

The earh' naturali.sts of the latter half of the seventet'iitli centiirv 
attributed sucking mouth part.s to lice, and bas('d their opiniims on tho 
e.xperimental feeding of captive lice on themselves. Nitzseh flSlSdlOt) 
confirmed the observations of Swamnu'rdam as to the preseiKf' of 3 
bristle .sheath (not the true .-heath, but the proboscis), and put fonrarrl 
the h\'pothe.sis that the inner tube of suction consisted of se\ei'al .sftap. 
His tlrawings of the structure \V('re published, not with Hk' text, but 
posthumou.slv bv Burmeister (lSd8). .\ yi'ar lat('r Mriehson (bSo!)-3'',i 

stated that previou.s workc'rs h;i<I erred iii their desci-iptions, ami tlut 
the lou.se ixjssesscd no h(x>ks f)n th(' haustellum but did have', a pair of 
strong, four-jointed palpi an<l verv di.-tinct m.andibles. d'his statciacit 
led to Burmei.stcr’s (lS-17) paper upholiling and confirming tlie opinions 
of Xitzsch, in which he gave an ai'count of th<> structures in the hog loii>o. 
His work, though in the light of more recent inve-tigalions incomplete anJ 
in parts inaccurate, was a (li.-tinet addition to tlu' knowledge of the suhjert. 
It wa.s followed the ne.xt 3'ear bv :i conti ibutioti from Simon (IM^ -’’4', 
who, in his treatise on skin disease.-, di‘scribe(l lu’s joint work with l.i'icli-en 
and corrolsrrated Mrichson’s stateiiu nt.- as to the [aresence of true Jiaipt 


and mandiblc.s and the absence of a sucking apparatus. 

The contnjversv' wa.s fin.ally .set t led in ISliLwhen Schjodtf' (18’i 
tran.s. 186t3:21.‘B published tin; re.-idts of hi- investigations and 
pretations of the artifacts which had misleil the supixuters ot 1 
mouth-parts theory. In the same 3'e;ir Lamloi.s (IStil.dJ de- 
mouth part.s of Phthirius as <-orrcsp(»nding veiy clo.selv with I 
and Simon’s descriptions of tho.se of /Vdn-i/fas- ru/atov and I ■ 
but when ho publisheil the results c)f his invi-stig.'ition of i' 
lou.se (L.'indois, ISb.ja.'.TH he st.ate<l that his first inlerpie! 
wrong and that the mouth parts were of the sucking t\pc. b- 
de.scritx‘(l the mouth ptirts of the three specie's affect inc 
along with .Schjodte considr'red the yjiercing nK)Uth yKirts a- he 
through a nxMlification of the mandibles and the maxillae, a \ 
according to Mndericin f lfX).>:6.‘{l), originated in \iilh 

who regarded the mandibles as a tube mad(; up of two h.d' 
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maxilLi" as the bristles lying within it. Cfrahor (1872:138) distinguished 
in till' mouth parts of Phthiriiis an upper lip, an under lip (proboscis), 
and a sucking tube formed po.ssibly by the fusion of the mandibles and 
the maxillae and capable of protrusion from the proboscis, but he did 
not realize the true nature of the piercers and their .sheath. He saw 
these structures extending far back in the ventral region of the head, 
and interpreted them as the retractor mu.sch' of the proboscis. 

The next two in the long succession of publications appeared at intervals 
often years, and both elealt, oiu' (uitircly and the other in part, with species 
affecting domestic animals, ,'^trobelt (1SS2, J'lnglish trans. 1883:86) de- 
scribed very incompletely some of the structures surrounding the mouth 
openings of Lino(jna>hus vituli (Ildcnidtopinus tenuirostn's) without seeing 
the real mouth parts, while M('inert (18!)l-9‘2:.')8) u.sed Haematopiniis 
i.iii .1 to illustrate his study of tile motith parts of Pediculus hunianus 
and figured the dilTerent parts of the apparatus. Meinert called the 
whole structuH' the pharynx, distinguishing the anterior part of the 
stoiiiodaeum proper as the epipharynx ami the ventral sheath and piercers 
as the hypopharynx. 

X third (li'cade passed before another contribution appeared, and then 
Hiolodkovsky (1903:120) attacked the .subject from a different aspect. 
Rcali/iiig th(' uncertainty pervading all the eai’lier literature — most of 
which had aiipeared before the appliiaition of section-cutting to investi- 
gation methods — as well as the urgent lu'cd of emliryological studies to 
5U[)ijl(>in('iit the early work of Melnikow (181)9:103), Cholodkovsky 
not only studied mature species of Pedicailus and Haematopiniis, but 
sbo many mounts and serial sections of iliffereiu st;iges of embryos of 
t'io of the specii's infesting m;ui. The re.sult led liim to believe that 
ffiaiuliblcs and maxillae are jire.sent in the e:ir!y stages of the development 
of tile oenii band but di.sa])pear entirely lietore the escape of the young 
'■ispct from {]],. piercer .sheath and its apparatus arc 

“J"n('d f,„„i the labium alone. Melnikow (18()9:133) had emphasized 
I'o ii'hi) i()||..;)^jp between the Mallophaga and the Pediculidae, and 
“''^i'lcicd both as a fiimily of the Hhynchota. Lholodkovsky agreed 
"I* 'b liist part of this statement, but thought the two groups should 
It K 1 II,. cl.is.^eii with the Ortlioptcni (particularly with I’seudoncuroptcia), 
’ l"'l ' ililc, .sli()(j](j |)(i jilaced in a separate order by tliemscbes, for 
ml) Ic suggested the name Pseiulorhyncliota. 
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Thi^5 PUfjgo^-jtioii was crilicized In' Eiidorloin (1904 121 and llKU) r,2(i! 
who. hpliovod that tlioso iiisoots worn hcniiptorous in their alhi'ih('s, ami 
consequently honiolo<>ized the piercing apparatus with tlx' maxillae, 
hypopharynx, and ]al)iuin of the Hhyneliota. His method of invofi. 
gation was In' gn'ss dis-:eetif)n and hy the study C)f clean'd and inounteil 
specimens. He us('d a numhi'r of r('lat('il forms hut gave the most dctaileil 
work to the int('r|iretation of the hog lousi'. H(’ compaix'd fhi' ‘niandi- 
hles '' of the latt('r with those of the ('orixidac', a proceeding whicli led 
to a discus>i()n of the (pie-tion hy Handlirsch i lOOoMlOSj, who emphasi/ed 
the much ck'arer i'('semhl:mcr' e\'i--ting hetwa'en th(' mandihics of the 
Siphunculata i.VnopIura) ami of dilVcrcnt -pecies of Mallophaga as figured 
In' .''Uodgruss i isOfh. ( tm' (jutcome of the controversy l)etwc(‘ii Chnlod- 
kovsky and Idndi-rlein was the puhlic.'it ion hy Ikuvlowsky 1 11)0(1 lali 
— :i jiupil of ( 'holodkoV'ky — of a re-unic of the litf'ratun' up to hi- 
time on tlie mouth [tarts of lice. ;;ml .a <le'-cnption of the aiuitoiuy of the 
pif'rcinir arid sm kiiiii apparatus of tin- Pedicitlidae. 

Mjol)org '1910 20di made no ^tudy ot tlic tiioutli ptirts hitt coiitiiiid 
hitii'clf to a brief 'timtnary of the work of others, dettlitig ;tt giv;ite't 
length with Fnderleiti’' work on the hog loit'O jitid his itdcrpi'ciaiieii 
of th(‘ mandihics. Patton tind ( "r.-iug ( 191.'! ."i.'il) ga\’e tin ticcotint "f 


the mouth parts of I'l 'Inuht.': II Ml UK uti " pi'eptirecl, witli th(' a"istnii'' 
of the tihox'e ptqters iof Idiidetlr-io ami Ptiwlowsky), from scctioiis 'iii'l 
di.s.sect ions.’’ This account included al.so a ilescripi ion of the lii't 1>>(" 
of the tiiimenttiry ctintd. The l.-ict ihtO the man-infesting pcoiciili ai* 
an etiologic.'il factor in the t riui'mis-ioii of ci'rttiin disetises litis I' d to tin 
puhlictOion withiri the l.-isi few yeais ol thre,' dettiiled panel' on tliP 
tintitomictil structure of tie- tmlc-rior ptirt of the tilimi'nltiix' cninil .m' 
of the mouth [tarts [irofier. Tho.se of Htiriisof (IDKibj and >ih"''‘ 
;ip|K‘tired almost .situuhtitieou.sly, timi tlitd of Peacock (19hs 
yetirs Ititer. ( t\\ ing to utir eotidit ions t he work of Sikorti wtis n"' '* 

to the other two invest igtitors, nor their work tci her. ll.iotou 
Petteock confim'd their iove.'tigtit ions to thi' species tilfectitig M 
Sikora ititrodueed severtd .^[M'eies, among them the hog loti*'’''' *' 1’**' 


of comptirtitive stijtiy. 

'I’he head of the Inrg lou.se is most strorigly chitinizeil on 
regions, and- the ehititiiztiliori extemis ti little wtiy heyond th' 
Ix^th donsal and v’enirtil .siirface.s. The remtiinder of lint " 
i.s only weakly chitinized, and at the anterior end the m' 


lati'Uil 

1 -ui’tit*-’' 
miiciit It 



Thk Hog Louse 


675 


faiwl'V "f foiisidorahlo wrinkling; whilo tho dorsal surface is strengthened 
liv thi'cc rigid transverse areas, one in th<‘ region of the elvpeus, a second 
the l)as(‘s of the antennat', ami a third ahove the anterior part 
i,f the hraiii. At rest the mouth o|K'ning is a longitudinal slit and is 
not vi'ilile from th(' doi'sal surface. .Vt the anterior hcjrder of the head 
on cither side of the moiitli opening are two strongly eliitinized areas, 
which extend a little way otito tin' doi'sal ''Ui'faee of the head hut con- 
Milcniiily fartliei' onto 1 he \'eiil ral .surface, and on eaeli of which are situated 
two ptiii's of bristles (Phite L.\, 2-1 1. Sikort 'IhlO I.'L found in the six 
specie-- of lice sIk' studied — I't il iruhis n si; //n nil. Hm iiintopi/ins ,s/u.S 
:iui| H 1 iii'i/sti niU-'^. Pnlijplii.r sininthi-'nis ( Ihiil 1, Ilaenniili [i-'nif: v(niricoKiiA 
hiid I, iuid T iicliniilt.'. ritiili (Liid.i — ;i p.aired chitiiioiis structure Iniviiig 
rlif form ;md siz(‘ of mtindihles, siiiiaie<i hetween the iippiT tuiil lowt'r 
lijs tiiid jiiiptirently ;id;ipt('d for liiimg or m-ping. In sections nnide 
through the jinlt'rior head regioti (Plate LX. li. 'iruefuri's corresponding 
ill part to this (h'seript ion ha\'e Keen found, hut tli(‘\’ are aitpareinly only 
Very weakly cliitinizm! ,anil are noi eoc-ereii hy .-m umlerlip. Their inner 
iioi'ilei' is slightly serrated and iliey appear to he ;it t.achi'd hy slender 
iiniscles to the |)ro('ess on llie inner lateral u;di of the luaid with whieli 
the htisal pai't ,||' tin- '' mandililes ' of Lndeilein are continuous. A'hetlicr 
these structures could play atiy p.art in fei>ding is uncertain. 


TIu 

Projecting in front of lire anterior Ixuder of the iread on the median 
'“'f' is a 'imdl tuhelike slructun', lire hausiellum. It is convex on the 
'Ici'sal siiiiac,, (,|xin loiigiluiliiia! sht. the huccal -slit, on the 

'eiitial 'Uitaee 'Plate LX, 2 and til. Its approximate length is 0.05 mil- 
'‘'‘letcr afid wiilih (),o;i millimeter, and its ehilin is continuous e.xtenuilly 
'''th dial of the head and internally with tlial lining the liiod canal. 
'* the iiii,.|ii,|- (iC (ii,, li;mstelluiu are four pairs of douhk' le('th arrangial 
”1 two li)iiniti,||i,).,[ They are pre.sent iii hoth young and 

]|, ,, .||||| ,||.|, (Ijj. imccjil teeth. .\t the imu'r end the 

‘'''W'lluiii is connected hy a fold of soft cutieula with the huccal plate. 


, The 1,,; 


The hucail pltik' 

al plate (Plate LX, 2 ami :i) is a, strongly eliitinized structure 
'' 'vidth ;tt its anterior mid with the haustclluni and at it,s 
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posterior widest part measuring O.OS millimeter aeross. It has the diapn 
of a capital A in which the erosshar is a slight curve, conv('\ tnwan] 
the apex of the letter, and on the dorsal surface the space ix'twi'cii tlli^ 
curve ami the apex of the letter is solid. Its total leiisjth from tln' antirioi 
edpte to the posterior end of the arms is appro\i:natelv ().2'2 iiiilliiiicter 
Laterally it curve.s downward and centrail, hut the o[)posit(' sides de net 
meet, so that on the' ventral surface there is an oivn slit confiiinmis 
the buccal slit. The posterior arm.s of the buccal plate are fused witli 
the lateral wall of the pumping pharynx. 


The pumphif) phnn/nx 

The pumping pharynx (Plate LX, 2 and dj i.s strongly chitinizcd nti thi' 
ventral and lateral .surfaces and is c;ip;[hl(' of considiutihli' ililatation 
on the dorsal surface. Its width ;it rest is O.Oti iniliimeti'r iiiul the cetn- 
bined length of the buccjii plate ;ind the pum|)ing pharynx i.s b.d iniilinietfT 
It.s ventral surface extends forward to the posterior end of llie ventvul 
slit of the tubr'Iike part of the buccal plat(‘, and its dor-ai surfan' is con- 
tinuous with that of the Irueca! plate. 'Foward the |)osterii)r end ihrrc 
i.s a somewhat knoijiike projection of tiie lateral w;dls, followial by a rather 
short backward prolongation of the more strongly ehitinizt'd p;irt at tile 
junction of the pumping pharynx with the triii' pharynx. 


The pumpinij phanjngedl tube ■ 

From the anterior enrl f)f th<> pumping pharynx, two half tub -; iPlah 
LX, 1 and 2j pa.s.s into the groov<‘ of lln^ buccal jdate but do ii<il csie 
quite to its anterior end. Their ventral edge's overlie each ol 
dorsal end.s lie apart, hut .srr closer uinler the hui'cal plate that a n'l”' 
fonned through which Idood is drawn iluring fc(‘<ling. 1 lU' 

Ix.s-n called by Ilarri.son (nntib;2ht)) the “buccal tube," by siL i.i (h’l’ 
20; the “ Haustellurnhalhrohrc,’' atul by Pe-acock ( I'.lhS: IDi ' 'h 
ing-pharyngeal tiilK;." The; true; nature: ejf the; e'Onue'i'tion 1 ^ '>'<m 


th‘ir 


tulx; and the pumping pharynx can lx: followe-d only in si' t 
discus.sed later. 


and 


The pharynx 

The pharymx (Plate LX, 1 and 2) was callerd by Knde ih " 
the “ larynx," anel he derscrilxsl it, a.s a chitimeus Iranel tx'id ni< ' 
over the esophagus and never fuseei with the; pharynx (pumiiu - 
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In cL:u'ril spooinions lio cvidontly saw OTily tho anterior, strongly chitinized 
liaiiil lit tlu' piiaryiiK. It is a soniowliat cono-shapod structure having its 
fliiled diain('t('r, whicii is ai)])n)xi)natcly (t.l.") millimetor, a little posterior 
to its transvi'i'se nii'dian liian In sections its ventral aspect is seen to 
lie a!nio4 level along th(> lui'dian longitudinal lino of the head, and its 
(Inisal Mitface jjassr's ohlipuely toward the top of the head. Between its 
ti'aii--v('i'S(' median liiH' and its part of greatest diameter is a more strongly 
chiiini/cd region cro.ssing tin' dor.s.-d surface as a hand and pa.s.sing obliquely 
awl poyeriorlv down the siiles to the ventnil surface, where the two 
Iji'iih run liaekwai'd tor a .'liort distance, each Iving somewhat laterad 
of the nu'ditiii lint' ( Plate LX,.'{). Behind the- muscle in.scrtioiiS is a second 
ivai(i!i ol >trong cliitinization. tollowed Iw a spliinctor mu.scle, behind 
tvliirji the diamet('r Icssruis until it |)a.s.ses as the slender esophagus under 
the bl'ilin. 

The I ■'••nphd 

The esophagus fPlatt' LX, 2 and 2) passes directly backward between 
the ti'iloccrebi'al lobes of the bi'ain, over the sub-r'sophagcal ganglion, 
^*>'1 hilo the iliurax lu'tueen the two main tracheal trunks. At the 
posterior 011(1 ,if (|„, l|o;id the esoph.agus, the dorsal vrsscl, the tracheae, 
tiiiil the coniK'ct i\-es betweem the vub-i'soph;ig(';il and tlioracic ganglia, 
arc iiiclnscd by a wail of tliin cuticula, which is continuous with ami shows 
the same >l:iining ri'.aclions .as the taiticula .s('parating the jrostcrior end 
cf the piercer shealli fri|m the thorax. It is a strm tiireless meiidrrane 
thitc LX, .1). At its ))o-ierior eiul the <";ophagus passes over the anterior 
Imt oj ill,, lyiiijr ill (lie tliorax, ami e.’iters its dor.sal surface 

nil'll I llio tci'giio (if (lie jiocoiid aiidoiiiiiial .segment. Its length from the 
P'l'tciKir (.||,i (,f (ii,, ((, j(s passage into the stomach is 

‘tppiiiM'iiinioiy 2 ();j nijiiiiiK.ioi-s and its diaim'ti'r 0.03 millimeter. In 
^^ttiDii.s j|,( ^y.|i| consist of llatteiu'd epithelial cells lined by a 

^|ii‘ (III! Ill, Ills iminia, but no basement membrane can be distinguisheil. 

* 'I'li il muscle layers arc' iireseut, but are so line as to be distinguished 
""^1 ''"iisider.able difiicitity. .\( n-st and ('iiipty, as it is seen in 
"Us. I ill' wall shows a number of sm.ai! convolutions. 


Oir 
the 1 




The “ muiuiibUn ” of Knderlcin 
mlo of the ptim()ing pliarynx, where the posterior arms of 
fn.so with i(,s lateral walls, lie two triangular chitinous 
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structures (Plate LX, 2 and 3) which Endcrlrin (1904 .127) int('r|)i(‘tc(l 
as " luamlibles ” arul Sikuni (191():l(i) a.s '* drciockijic SL'lctt^tiickp. " 
Ju.st anterior to the |)o.';l<“ri(ir dorsal margin of eacli is a groov(‘, and at 
its lateral mid articulates a rodlike struct un- which, according to Endi'ilrin 
(1994:128), is the Ira.sa! p.art of (lie inandihles and articulati's aiitciinrlv 
with the lateral wall of the liead. Serial .sections of the head .show thi' 
basal part pa.ssing direi'tly into the ehitin of the wall, lint show no artiiii- 
lation of the parts, a condition which has Ix'en de.serihed also by .siknia 
(1919'. 13-14). At ihidr central angle !h('S(' stnietnres are altachnl to 
the sides of the jrharyn.x by a structiirele.ss ti.s.siii', t,iit it has not hpen 
found possiljle to rietermine the exact nature of the connection. 


Mii.^ctddU'.n’ (if //«’ MiimiiiUn un 

During the act of h'eding, the st<iinodaeiini is moved forward ity pai- 
traetor mu.scles, .and by the forw.ard imu'emiait of tlie buccal plut(‘ tb' 
haustellum is protruded and the bueeal teeili are everti'd i Plate LX, h 
There are tw(j pait' of [)rotractor mnseles, a dorsal !)air oi’iginaliiig in 
the anterior wall of the he.ad ;ind h.ir'ing their inseition in the jjostci'iei 
arms of t!a‘ bueeal plate, and a ventral p.air originating in the iKistwinr 
lateral angle.s of the '■ m.andilile.s ' of I’.nderlein .and having tlieir insertion 
in the ventral surf.-iee of the knoblike |)roe('s,s(.s !it the jjosterior end "i 
the pumpitig pharynx (Plate L.X, 2,. Py the contraction ol these t'ui 
pairs of muscles ilie whole pli.arynx is moved forwanl. 

There are three pairs <if re(ra<-tor mnseles, two dors.al and one veiitnc 
The former origin.ate siile by side on the dorsal wall of the he.'id, l.itinii 
of the pharynx .and just j)(>sterior to the inuselcs j);i.ssi)ig from lie' iiioii." 
line of the dorsUm to the .antenn.ae. Hoth pairs of dors.al retr.acti’i ' 
arc of a[)pro.\i/n.afely the .same <iimension, and ))ass forward to 
outer pair iis long, shaaler tendons inserted in th(‘ lateoal u.d! ' 
pumping pharynx in the margin of its fusion with tlie P'*''' ' .'p ot 
the bma-.al (date, and the inner pair, wliieh li(' close to the lal' i i 
the pharynx, a.s mneh short<*r fendous in.serled in the dorstd 
the fXASterior kfioblike projections on tlie lateral walls of d'' 1” 
pharynx. I'he temhjiis of these mnseles were recognized 
Meinert (1891-92:1'!. I, fig. 3). and represent the “ tul uk 


u.'li lb 
ut 

hltl'Vlt- 


Enderlein (1991 127}. Th*' xamtral retractors originatt! m ' 
ventral wall of the hr;ad in the region of the anterior level o. 
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Thov are somewhat smaller thaji the dorsal retractors, and are inserted 
as slender tendons in the ventral surface of the posterior knoblike pro- 
jections of the lateral wall of the pumpiiif*: pharynx. 

Ill addition to protractor and refractor inu.scli'.s the pumping; pharynx 
has six pairs of elevator muscles which originate in the dorsal wall of 
the head and are inserted in the fl(‘xibl(' dorsal wall of the pumping pharynx. 
Four pairs of tlu'so muscles an* slender. These originate .somewhat 
latcrad of the dorsal median line of the head, and jiass rather obliquely 
centrad to their insertion in tlie median line of the pumping pharvn.x. 
The two remaining pairs of mu.scles, whicli are the .second and fourth pairs 
in the suci-c'ssion from the anterior end, are much .stouter. They originate 
ill the dorso-lateral wall of the Itead and ])ass (il)li(piely centrad to their 
iiwnion in the lateral edges of the two .small chiiinous plates imbedded 
in the roof of the pumping pliarynx. Loth their origin and in.sertion 
are distinctly laterad of those of th<‘ slender muscles. Tlie frontal ganglion 
lies iitihcddi'd among thcsi* (devator muscles, .■uul is protiudi'd laterally Ity 
the sixth pair, which, after their origin, pti.ss rather obliquely backward 
fora short di.stancm until they meet the liexor muscli's of the antennae, 
when they hend <lir('ctly ventnid to their in.sertion in the ]x>sterioi end of 
the pumping pliaiwiix. 

Iti th(‘ ni;ui-inf(‘sling louse, lltirri.soii (I91(ib'213i describes two 
sphincter musch’s, an anttu-ior and a posterior, stiri'otnuling the 


pharynx; Sikora (lOlti:;!!) says there an' many constrictors jiresent; 
aiid Peacock ( lillS: lO-')) descrilx's an ;m(ci'ior, a nu'dial, and a posterior 
sphincter. In tliis respect, as wi'll as in the number and aii'tingemont 
hie dilators, the pharynx of tlie hog loii.sr i.s markedly diilen'iit Irom 
that ()| ii„. man-infc'sting lou.se. ’I'he whole structuiv is ap'parently 
totercil wiik hjy^n- (,f circular musclc, which vitries considcrahlv in 
thiikiic.-v. .Ulteriorly, where the culieulti is oniy weakly .'hitinized, 
tnusilc \ycll rleveloiM'd and surrounds the whole structure e.s a 
sphinc||.|. Posteriorly, in thi' region of the first chitinizi'd plate, the 
aUselc n yciy except on the ventral surface, while in the region of 
^ eeci,i,,| cliilini/ed plate it i.s thicker .and on the median line sends off 
l^’tunili'’! (i) .strands which pass directly u[)wanl liet'Vi'en th.e dilator 
^^hS(l, ,, ,,, iijj, jiij, licjid. Hi'fore the [di.irynx ixus.ses into 

isijpl, (nils the muscle layer as.sumes a modi'i'ate thickness throughout, 
^ "an may be callcd'the ixxstonor spliineler. Duly iu its posterior 
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half is the wall of the pharynx eapahlo of any dilatation, and (hciv 
inserted four niuseles of wliich the two nu'dian arc' th(' lariiest Tiny 
originate in the dorsal wall of the head above th(' anterior lobes of the 
brain, and p;iss oblitpiely forward and downward to thcar point of in.M rtion. 
Their contraction, while* it may dilate the pharynx, would seean ratlur 
to draw it back to its resting position. 

Between the eye prominences and the neck three Iiauds of niuaie 
originate in the latt'ral wall of the liead. Tin* iiK'dian leand extends 
farthest back and the vmitral the* next farthest, while the dorsal is the 
shortest. Just behind tlw* anteainac thi'si* bands unite in a eeiniiKia 
tendon which is insertt'd in tlu* anterior lat('ral angles of the " inanilihle- " 
of Enderlein. In his first dixseription of thi* inandibh's ( 19!)f. 12S-12!ii 
Enderlcin did not s(>(> th('s«> tc'tidons, but in his seeo'id p.i|)er ( liM)"). 
629-f3;30j he descritx's :ind figures them as the tendons of tlie mandilmlar 
fle.xors. Ho also figures tendons i)as.,ing forward from the po>tennr 
lateral angle of the inandiUes to tin* anterior wall of the head, ami ralb 
them the tenchjns of the mandibular extetisor. Sikor.a 1 1‘.)16; Kil, however, 
describes these last as a ttniformly thin strand pa.ssing from tlie ventral 
border of the triangular skeh‘tal piece to the side of the uiidi ilii). In 
gro.s.s dissectiems thtt " mandibles” remain attaeheil tothe anterior wall ef 
the head ity this strand, but its true hislologie;il nalun* has not bet'ii detii- 
mined, since it has not l)<‘<‘n identi.’ie I in jui}' of the series of 'eetiens 
made through the head. Emierlein found the •' m, audible. : ” well di \el(i])eil 
only in the hog lou.se, lait considered that the finding of the inim le eaideii' 
removed every doubt as to their morphological interpret, itioii. ^i.sera 
(1916:18, 17), on the other hanil, reserves tin* term “ maadilile tin 


the already-mentioned structure lying between the upjrer and li 'o i iip' 
and adapted for hiring or rasping. She e.dls tlie “ mandibles ol I .iidnil'in 
“ gewolbten Chitinplatten ” or ” dreiei'kigr* Skelel t-t m ke,” and oiaiirs 
the po.s.sibility of their Iming mandibles on fla* ground of tln i: ' 'mih'H 


bar’k in the hearl and their .separation by the [ih.arynx. She 'O- 
functions for them, n.airu'ly, to draw the pharynx forward and n 
to the true mandibles the motor impulse of tiie rnuseli's. Sinec 
dibh's ” are attached to the lateral wall of tue pumping pliar\ 
buc<*al plate, the contraetimi of the tendon muscles would e\eit 
j>ull on their .anterior .angli*, and tliey, working as a lever, v 
to push forward the buccal plate ami the pharynx, a function 


-I- live 

. ,n-niit 
in.'iii- 
,nd dll' 

, kuiiid 
j .rivr 
nitiurd 
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liv thi" t'vn pairs of protractor muscles. Sikora’s second suggestion is 
hail'd (111 the fact that she (lOKr 18) regards the basal part of the “ man- 
^ '■ i>f Knderleiii as the; posterior articular processes of the true 
man(lil>li's, wliich Enderlein (IPdarOd?) in turn has interpreted as the 
ventral prolongations of the lateral sc-lerite. According to Enderlein 
the^e arc ])uslicd far under tlie .scalelike la!)ium and are covered by it 
vcntrally. Sikora attribute's the' double fune-tion of opening the mandibles 
and moving feirward tlic pharvn.x to the ventral protractor muscles, and 
their closing to tlie' cetntniction of the' teneloa muscle. No constructive 
criticism etf tliis intcrpre'ttitiem is olTore'el fetr tlie prc.sent, because it is 
helicvi'd that the final metrpholetgy of the parts can be determined only 
by cmbryejletgical investigation. 

T/ic mouth ports 

From the ventral stirface of the sfomoelacum at the junction of the 
buccal plate anti |)Uinping pharyti.v a eliverticulum is given off. It passe.s 
backward under the' alimenttiry cantd to the extreme peistcrior end of 
the head, which is .scpaniteel fretm the thetrax by a thin, structurelcs,s, 
ciiticiilar lue'iidtraiK', stiiining pink in he'tnatet.xylin and eo.sin preparations. 
\Etliiii this iliwrticulum lie the' pie'rcers aiiei the salivary' eiuct. The 
piercers i Platt' LX, 7 ;uiel S) cemsist of tleersid anel ventral elements, and 
thcii' toted length is ;ippre)xim;ttely 1.2 millimeters. The ventral clement 
n made u]r eef twe) p;irt.-', a eleersal ;uiel a ventral, which are very closely 
cpptised to each tether threeughetut the gretiter jrart of their length. 

La \li(iil!i 

ilia Vail of the sheath is contiiiueais with that e)f the' stonmtlaeum and 
fuii>i.<t . (if .•'Oine'what llatteneel epifhe'li.'d ee'lls line'd In' a hne ehitinous 
hitiiiia d’bile L.\I, 7). On its innt'r surface ne'xt the' coelom the sheath 
H.ibo covered by a lint' ehitinous cut ieiihi.the' twigin etf which is discussed 
It< dorsal and hitenil wetlls art' e>f unifeerm I hiekiiess anti appearance, 
ventr.’d widl there is imbt'elelt'el a eliitinems plate. This 
'"' iipii's approxiiii.'itely flit' iKisfi'i'itir twei-thinls of the fhior of the 
. is st'pjtniteel from the anterior thirti by a transverse suture, 

j'""' ' ''ontlilit)!) h;i.s been tlt'serilit'el In' IL'irristin (l!)ltib:2()9) in the 
^ ■' ' ' " Li this region of the plate then' is a central groove in the 
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floor of the sheath. Posteriorly the diameter of the sheath (lecreases 
until in the region of the rami of the piervers it surrounds them closely 


The piercers and the salirarp duct 

The piercers ri'semhle loiijr-hamlled two-pronged forks, lia\in<r (jip 
prongs, which are 0.23 millimeter in length, situated [josteriorlv They 
are long and slender, ami li(‘ fn'e in the anterior part of th(' slicatli, whih 
their posterior forks are imheddi-d in ti>siie, comi)lefelv filling the lumen 
so that sheath and pierct'rs form a compact ma.ss. This tissue extends 
forward among the piercers in two slendi'r, pointful prolongations. A 
similar arrangement of tissue has Ixuni df'serihed hy Sikora fli)l():.38l 
in the clothes lou.se. 'I'he <lorsal ekunent consists of two half tubes which 
in sections apjxuir like two hrackets hacing their contiguous (ulgf's heed 
(Plate LXr, 2). Posteriorly the.se Ijeeonu' ll.atleniul, and after forkiiijr 
attain a width of 0 2.") millimeter , at tlieir wido'l p.art, whence tliey narnra 
again and fin.ally eml in two ligament-like iiands which come toi’cthcr 
at the {xjint of tludr insertion in tht.- i)o-ierior wall of tin' sheath. .Anteiioiiy 
the two h.alves do tiot lie .^ide !iy .-i(|i-. hut ao' (Uirved u[)w.ani and toward 
each (jtlier so ,a,s t(j form .a ful)e. The vent nil aspect is made up of two 
parts, a dors.al atid a xuuitr.al, which .are clo.sely apposed to each other 
hut c.an lie pulled .apart without injury to rather aftru' heing dis'ceted 
out from the surroundiiig ti-siie. 'I'lie jKrstra'ior rami of the dorsil part 
are wirier than tlose of the dor.-al eliammt of the piru'ctu'S, anil arc 'Oiiie- 
what difT(;rent in sha|K‘ tPl.ate L.X, fi). 'I’lii’V do not Iri'coine Ihittemd, 
arifl in .sections a[)[)e,ir suifia'nail.ar. sni.all lateral prticess i' go'cii rift 
fnan each -horfly ht frire they unite to form the piercru', which i- ' moilii- 
atfdy hroavily chitiniz'-rl gnrovi; with mor<' rlelicato ertgres spi'i'odiMU out 
flangelikr' ovit thrierlges <)f till- V'uit nil ().art of the piercer (Plate hM. 
The latter is .al-rj a c.an.al-like striietun; (Plate LXI, 2), and it- po'i'Ui"'' 
r.'irni are imheiMed in the IhMir of the sac. Hoth parts of ih' \'otia^ 
elermaif of flu’ [liercers .are hiloherl at their [iro.ximal eml. I h' 1''^” I 
the verdral h.alf are ermiewhat wider apart than those of tlu’ 'le -al, ai. 


hotfi ao' finely serratr cl. 

d'he .salivary duct lir-s Ijetwerm the dors.al and ventral eleni ' 
piercers, ami at its fK)steri<»r eml is dilateil in thr* form of a 
which can Ire sram lying Ix-twerai tho rami of th(‘ dorsal clr im 
ventral siirface of whir.h the rluct is uttachrul througli part ol 


of ihr 

r biilh 
lo tlw 
Iciiytli 
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hv a si rand of ti.s.suo. Anteriorly it appears to lie free between the 
elements, while just behintl the haustelluin it lie.s within the canal of the 
iloi's.i! part of the ventral element. This duct wa.s seen and figured by 
Strveiisiiii ('liiO.'). 13), but its function was not recognized until Harri.son 
2I)!I) carried out his investigation of the mouth parts. 

Will'll the piercers leave the sheath at the junction of the buccal plate 
ivifli the piniiping jiharynx, they bend at an obtuse angle and pass forward 
in the groove of the buccal plate beneath the pumping pharyngeal tube 
to the mouth opening (Plati' LXI, 1— t). 


Mii.'inihiliin nf Ihr month parts; 

III the region of the rami the sheath is no longer a structure distinct 
from its contents, and botii slieath and contents are controlled by one 
set Ilf protractor musi'lcs (Plate L,\,(i). 'I'liesc originateas slender strands 
in the posterior end of tlie sheath, where the free ends of the rami are 
iuihi'ilded in its wall. They ptiss forwanl along the ventro-latenil borders 
et the sheath and are inserted in the lateral liorilcrs of the ventral plate 
Plate I.X, 6). The indi\'idual strands vary in length, so that, if they be 
'letaehi'd from tlieir origin and pulled away from the slieath, they resemble 
til'' eMciided dorsal fin of a fi'h. 'I'he longest strands extend to the 
niilei'io’' border of the plate, '['he contraction of those muscle.s bends 
the ventral |)late and tele.scdpes tlu' hinder part of the sheath into 
the fiDiit p;i|g_ tj„. pi,,,., piislied out of the head. 

Pm I'l'traetioii of tlio ph'reers and the sheath to their resting position 
1' hi'Duglii about by two .sets of retractor muscles, a lateral and a posterior. 
Jlie later, 'll edn.vist of two mu-'cies originating in th(' wall of 

the head and inserted in thi‘ latei.d wall of flu' sheath in the region of 
tile tiiileriiir lioj-der of the viaitral plate. The dorsal lateral retractor 
eagiiialis Jn (|,p do,-so-lateral posterior angle of the head and ptis.ses 
ehi|iiel\ downward anil forward b(‘tvveen the bands of the tendon muscle 
hiain to its insi'rlion in the sheath. ’Phe vmitral lati'ral retractor 
'"mbly shoiler than the dor.s;d, and origiiiati's in the latero- 
' dl of (|)(i idong.sidi' of lh(' vcntr.al rctnictor ot the pharyn.x, 

e pisses forward to its in.sc'rtion in thoslii'ath (Plate LX, 6). Ihe 
I'l racf or.s are two large muscle.s lying on cither side of the end 
nth almost in the neck, (wo mu.seles lying inuh'r its ventral 
' d (wo lying on its dorsal .surface. Each of the first has a 
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double oriiiiii, one hnineh ori,<;iiiatiii<!: in (he dorsal wall of the iKvid and 
the other in the chitinous eutieula Ix-twecai thi' head and (iw fhorax. 
After the fusion of the two branches eacli muscle passes vf'nirad and 
slightly forward to the level of (lie lioor (^f thi' sh(>ath, where fhi.y hond 
at a rather sharp angle and pass a little way liackward to their insert inn in 
the floor of the shiaith under the anterior ends of the rami (Idate LX, fii. 
The ventral muscles are two stout strands originating in (lie ventral wall 
of the neck and pas,sing forward undi'r the shmitli almost to the aiinh 
of its posterior retractors, when they bend sharply hack on theinsilvo 
Each musclt' almost immediately divides into two slmuh r strands, which 
are itiserteil in the posti'rior ends of the mini of the elements of the ventral 
piercer. Thev are tin* retractor^ of th<‘ x'entml I'lenii'iit ot the pierceis. 
The dorsal muscles lie on th<‘ dorso-lateml wall of the shi'ath and are the 
retractors of the dorsal eh'inent of th<' piercers. They originate in the 
po.sterior chitinous (aitienla hi'twei'ti the lieail and the thorav, and lie 
doubled on them.selves jii't as do the retractors ol the ventral eleinent at 
the piercers. They are inserted in the posterior ends of thi' rami ol the 
dorsal element of the piercers. TIk' I.iti'ral ixistm'ior ndraetois contml 
the sheath and the pien'crs, whih' the <lorsal and N’cntral posterior rctiacUii' 
control the mox'ements of the scparati* elements of (he pieri’crs Ihr 
contraction of the lateral retractors ol the ,'heath brings its anterioi p.iil 


to a resting position, and the ~iniu!taneous contraction ot the postciini 
retractors Ix'gins the withdrawal of ihi‘ mouth jiari.s from the woiiml 
They come to their final n'sting position through the relaxation et tli 
protractor muscles and the eon.sequent straighte.iing, through i- 
ela.sticity, of the jilate inilx'dd<-d in tin* llixir of the .sheath. 

4'he true relation.'hip Ix-tween the pharxn.x and the sheath ai o lueii 
part.-- r-;in he fully umler.stcxxl only if the stuilv of serial .-.eetion.s ~u, |ih 


■iiii'iit 


■elloli thloligl 


that of gross di.-seetions and mounls in' Into. In ,a M 
hea<l :it the anterior level of the attachment of the has.il !>' 
“ rnatidihles ” of finderlein to the lateral wall of the head, the 
of the dorsal piercer :ire seen lying tuhelike clo.se under tin 
of the buccal pl.ate and .are here more strongly ehitini/.ed th.m 
Hene.ath it lies the xciitnd element of the piercers, with the s,i 
in its c.amd tl’l.ate I.XI, I). The pumping iiharyngc.al luheil'" 
this f.ar forward when in its n-sting |x>sition h rom the x'li 
the buccal plate two outgrowths are eotitinued ventrad .rs 
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ciitii iila oil eitlicr sido of tlio iiioiifh piirt.s, ))rlo\v which they pass closer 
torach other for a short disttince frcforc tuniiiif!; ;tt riptht angles and passing 
*0 the lateral widls of the head. At the anterior lev'cl of the “ inandible.s ” 
Plate LXI, 2) the buccal plate is somewhat more tubelike, but it still 
oiitiiiues vt'iitrad tis ;i delic;it(' cuticula alongside the mouth parts. This 
ffolonpitioii tippears ikjw to lie ;i eontinutition of the dorsal and ventral 
urfaec' of the jthite, wliile in sueccM'ding .sections it comes to be a con- 
iiiuation of the dor.s.al ('lids of tlu' (lumping jiharyngeal tube, the anterior 
‘nils (if vhicli tin' now seen lying bi'tween ihi' buccal plate and the dorsal 
‘lenient of tlie jiiercers. In thi.s tintcrior n'gion ti liand of ti.s.sue crosses 
he liead traiisvt'rsi'ly aliove tin' stomodiK'um and apjicars to be attached 
It either sidi' to the Ititenil wall of the lu'tnl just dorsad of tlie ba.sal part 
if the '' iiitindible.s of Ihnderlein. It is V(‘ry similar to epithidial tns.sue, 
nnl etieli et'l! lias a deUnite niicli'us lying near its base. The cells attain 
a roieidei'able length, (larticulaiiy on either side of the stomodaeum, and 
tJicir (loi'.'iil surftiee is attached to a wcll-(iclined btiseinent membrane. 
In st‘(■ 1 io!l^ staiiu'd with iron hemato.\ylin they closely resemble secreting 
c'-lh, .\i the level of th(' articulation of the basal part of the " mandibles ’’ 
'll Endeilein with the triangular (lart, this hand of tissue rests on the 
tup Ilf tile buccal plate, and at its most (losti'rior ]wrt it appears to form 
nil aftachiiicnt between the hviecal j>lat<' and the lateral wndl of the head. 
Tlio huci'id (ilate gradually b('eoiues (hit and there is a marked increase in 
till' thickness and rigidity of the doVNil wall of tlu' Ik'ikI. Also the shape 
‘if the hiiccal cavity changes, marking tlu' beginning of the ventral wall 
ul the diverticulum, hut the mouth [larts an' still lying under the punpring 
phaiyiigciil tiihe. ,\s th(' chitinous intiiua ol the buccal cavity passes 
'ici'iid, it enrves aroitiul into the hUt'fal ('dgi's ol thi' dorsal element of 
'hr pi(‘ir(‘ix, and at (Ids (loint shows strongi'r ehitinization, afterward 
iuiiiiiiiji||„ as a fine cuticula to tiu' ventral ends of tin' halvi's of the 
puinpiin, pharyngeal (uIk'. The dorsal ends of the.se luilf tubes are also 
01ltll|||,.,| ;|v; ,, (j,„, Widcll pUSM'S i lownward to surround thi' 

'Uiii.il pal) of ill,. l)nc(..(i cavity. Ht'(w('('ii tlu'se two ehitiiious layers 
^'h'' ' "1 epithelial (i.ssue whicli hroad* ns considi'rahly on t'ither sidi' 
" 111 iiilli pai't.s ami tlu'n' aiiix'ars to contain some niuscuhir elements 
1. 5) Iminediatt'ly hcldnd tIu' section sliowii in Plate XLI, .1. 
"" h plate dividc.s into two tifiii.s unil<'d hy a lliiii cuticula which 
'll' iiHil of (]i,> pumjiiiig ()harynx and which, as it passes backward, 
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is raisod in a ridgo alon" 4ho dni-sal modian lino (Plato LXI, 4). Tlio cutie. 
ular strands omnin^ from tlio now moro widoly soparatcd dorsal pm], 
of th(' halves of the pumpinsr pharviifroal tube are at first stronirly chilinizeil 
and pass lati'rad to the ('dj^os of the arms of the huecal ])lat(', wiinv thpv 
turn voiitrad and surrotitui th«“ slioafh as a liasona'iit moinhrain' to it^ 
cpitholium. 'I'ho inner cuficula of the sheath is cnntiimed upwai'd to the 
ventral ends of the p\impinfr pharyngeal tiilx' as shown in Plate LXI, 3, 
hut th(‘ slrony ehitinization in the r('<{ion of thi' dorsal piereois extcinh 
farther dorsad, and tlie jV)infs passinij aroilnd their lateral ed^-ps an' 1('« 
curved downward. Thi' {rmdual movement C('nti'ad and ultiinati' fibinii 
of the-e p(iints cuts otY llic piei-cers from the piimpim; pharyntieal tube. 
At the same time th(' stronu; cliit ini/at ion continues dorsad until it fuse- 


with the vi-ntral ends of tin- pumpintr ph.irviiyeal tiilx', whii'h ai'ailuallv 
mo\’e ••iparf. In tliis way the pumpiny pharynx is foi’iiied, w’licli, at 
its anterior end, has tlie ventral 'Urfaee mucli n;irr<Aver than the do'wtl 
(Plate LXI, di. 'I'hc' eiitieiil.a comitiy from the dor.s;il ends of the jiuinp'iii.' 
pharynyeal tube i' thick and 'trony, and fuses witli the lateral edyes (/ 
the anil' of the buccal plate, which an' here elevated knoblike anil tornia 
firm base for the insertion of tlie dor'al prot raetor muscles (Plate L.XI, 
From their lateral edyes the thin euliciilar layer still extends dowinvanl 
to .'Urroimd the ejuth'-linm of tlie sheath. File floor of the jiiiiiipin}; 
pharv'iiv yradiially broaden' and a~sumes ,i rounded shapi' (Plate LXI, (<’■ 
In onlv two areas ■— tlio'i' of the insertion of the two larye |Mir' "I dilatoi 
MiUscles — ii there any 'Irony ehilini/ation of the dorsal wall ol tbe pumP' 


iny pharynx, .bi't behind the anterior area and id'ter the floor h:i' hi'coiiE 
rounded, the pumjiiny pliar'.'iix and the di\ ert ieiilum become eiitiio} 
separated from each other, and a 'hort di.'tanee behind this si panituH' 
the ehitinization of the venlial wail becomes slronyer and thai "f the 
lateral walls h ',s 'trony 'Plate L.\I, 7). 'I’he dorsal wall onl\’ iscapabe 
of dil.ition, and in the fiyures is ,~een in a restiny condition. Ai tn' 

()f the antennae the x'entral 'Urfae*' narrows somewhid and a 
ehitinization is evident throuyhoul the slmcliire a.s it jias'c inte 
pharyn.x. .VLo at the level of the anieiin.u; there apix’ars 'b' 

{lart of the plate imbedded in the floor of the sheath, whi' i b 
chitinized and lienl to form a central furrow. 'Phe circulm I'H 

, , ijlllllltO 

the pharynx i.s well de\'elop<'d and j^iirrounds t he.anlerior pari ■ ' p.^iyiLX 
(Plate LXI, 8j, but in no ca.se, ha.s a tian.sver.se .section ol i"' I' 
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appoai'f'd lik'p a cross as it is figurod iti lh(> man-infosting louse by the 
diffri'cnt investigators. Theti.ssiKsof the pharvii.xVall is in parts very much 
developed, but it.s precise histolofjical nature has not been determined. 
Neither in appearance' nor in staining reaction doe.-, it correspond to a 
simple epithelium. Where the \v;tll of the pharynx i< strongly chitinized, 
both till' niu.scle and the' c))it helium arc thin (Plate' LXI, 9), but in the 
region bctwe'cn thi' .second arc'.-i of cbitinization and the transition to the 
slender csophajeus the' \v;dl is so thick th;it the lumen is reduced at rest 
almost to a slender transvcrs(> slit ( l’l.■ltc LXI, 1). 

Thr .<iil/V(iri/ ijjiinil-'t 

Since the time of I.aiidois (IStiLil) it has been known that lice jxjssess 
two pail's of salivary Ldands situated in tlic tliorax. It was Pawlowsky 
(I’.HXi i99-2(M)), however, wlio tir-'t described the ylands openiiiji' into the 
piercer sheath, and his name has been oi\'en to thc'c "lands liy .subs('()upnt 
workers. Still more recently a fourth srland, situati'd betwi'cii tlu' rami 
of the pieret'i's, has bi'eii dcsei'ibcd 

Pa\vIowsk.\''s trlands are simple tuliular lilands lyin'r mi either sid.e of 
the pii'i'eer sheath, into which they open through widi' (“ondiiit-. at the 
level of the eyi's (Plate L.Xll. 1). 'I'hey have at thi' point a di'pth of 0.1 
milliia"ter and a width of 0.0.') tnillimeter. while ihi'ir leiiiilh is approxi- 
mately Odd niillimeO'i-. 'I'liey ri'st on thi' leiidon of th,' dorsal lateral 
I'etraetoi’ musele of tlii' piei'cer slieath, and this causes an obliipu' indenta- 
lion in their posterior ventr.-d surface. Tiiey have a linin,i> of epithelial 
'"'elb which tire not clearly ilelined J'rom out' another ttiul which show the 
iriial I'caeiioii.s to sttiins. Ptr, -.lowskv i lOOO.tMO) suymi'sts that tla'ir 
seeretioii may serve (o irriltile the wound o' to lubrieaie the piereiiijr; 
oiKaiis. (lilt llai-i’ison ( I!)llil).2l7) litis .M'cn no sijin of fikmdular aetivity 
^ad suairesls tluit lhe\’ are funet ionle.ss. Xo secretion lias hi'en found 
m the hiinina of the ifltmds in tuiv of tlie .sections studied, but in a rtilher 
abli(]H(. lonirit ndinal .section tlieri' is some tipjieai'anee oj tiefir’ity of the 
tils, this, however, imiy be due to tlie Itiel that the section is rtithcr 
I" the lateral wtill of the Khuid (Pltite L.Xll, 2). 
ktwciai ( 1 j,, i-miii fjf pj,,i-c(.|-s lies tm unpaired fi;ltuul (.Plate LX, 5 
uhich w:i,s first seen by Sikora in PaUcidttx veslimenii 

" s called by hor the “ Staeli('ldru.se.” It is somewhat \ved.!>:e- 
''P'd, beitijr broadest at the anterior ei'd, is clothed with cylindrical 
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epithelium, and appears to Ix' oontinuous with tlie posterior (mkI of 
chitinous bull) whieh marks the termination of tlii' salivarv duct 

The two i)airs of thoracic salivarv >;lands lie’ closfdy apposed to cith,,,. 
side of the anterior end of the stomach, and the loaf>:, hoiseshoc-diapid 
gland is fokled around the oblong-ovate gland in a cliaracteristic luaiiiipr 
(Plate LXII, 3). In th(‘ man-infesting iiediculi tlu' glands are dcscnlicil 
as ‘‘ kidney-shajx'd ” .and “ horsj'shoi'-shapi'il,” and thi'ir position in tli,. 
thorax has l>een variously figured by .a number of authors l)ut tli(‘ stnalbr 
one has never iMaui shown surroutidcd by the larger. Strobcif (1SS2 
English frans. 1SS3:S(») de.scaabed th(' gl.aiids of Liiuiyniil/iiis ritnl/ i /fiiuiiii'ui- 
pitiH-'t It Ni(ir<i-':(ris) as " clongatcil " ami "globular,” and thought that 
the etb'rent duct of the former was situ.ati'd at om- end of (he glam! am! 
that the horseshoe a[)ix“.aranee \s;is due (aitirel\- to tht' ixi'-itioii of tin- 
ghiiid at rest. 'I'he length of the horseshoe-^hapecl gland (Plate I.\1I,4 
is appnj.xiniately O.tifj millimeter .ami tin- nidth of the tirnis 0.33 iiiilli- 
nieter. 'I'he lengthof the oblong-ov.ate gland (Plate LXII, .a) is 0 12 mil- 
limetfa' and its width 0.0.') millimet<a'. The Large c(‘lls of the I'liitliclial 
lining shine tluough the outia' mend»r,ane of tin' gland, .'Uid at tlic c\it 
of the duct the transition from th<''<' to ihi' small cells lining ihciliict I'aii 
be sf'Cli even in gl'O'S specimens i Pl;tt e ]..\ll,bn In sections the epitlicild 
cells are seen to be consii|i'r;d)ly largi'i’tlian I ho^e of Paw low sky's glaial'. 
and the mn'h'U-, with it.s d.-irk-'taining nucleolus, li)'s rather toward thr 
ba.se of the cell. 'I here Ls ;i distinct though imill Inmen within tw'li 
gland. 'rh(! efferent ducts of the two glands pass cephai.id witlinilt 
uniting. In gio.ss di^si-ction thi'V h.ive l)een followa'd as lai as tlicn 
entratice to the head, but their union with Ihi' s.-divary duel Kina I'ciwcni 
th(! dorsal titid ventral ek-menls of the pierceis h;is not been 'ccn. h> 
hi.s dcscriijtion of dis.si'<'tions prep.-iri'd b\- .Mr. Pacot, Lnloiicili gist in 
the Li.ster Iimtitute, .'imi the late .Major Sidni'y l{owland, ol dr neyl 
Army .Mcflieal Corps, .Mtirtin (l'.tl3S.')j .s;iv.s (he four sali'. n' diids 
oiK'ti into the ba.sT' of the j)iercer she.'ith; whih' Ilanison (I'-did' -tn.i 
not .suece(;ded in tnicing definite connections between llie sain ' ^ 

the mouth [rarts and the ducts of thi' gl.'imls. Sikora (Ittlb , 


the; diK't.s <‘i.s pa.s.sing into the he'.-id ;dongsi(ie tlu; e.sophtigii'^ 
poste-rior end of the .sulM'sopli.'ige.'d g.'Uigiicjti, where the\' 
and through- a ventro-c.amial Ix'ml rem'li the; end of the pier 
In I^ediculm ventinicnli .she figure.s tin; two ducts of each si*!' 
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in ;i (Iiinmon duct for ii short dfstanco heforo ciitoriiig the middle of the 
(loi'sal aiii'face of tli(> jjiercer shc'ath l)y a coniinoii f)peniiij!:, while in 
}](u iiKiliipiniin funixh runs she descrilx's thraii as ninniiifr separat('ly to 
tlir (.pciiinK into fix' salivary duct of the mouth i)arts. Peacock (1918; 
ll.'i) refers hrielly to ^lartin, and to a dissection made by (Mr. Lloyd, 
Chief LntomoloRist to X. Hhoik'sia, as denionstratinjc that the four 
Kilivai'v ducts oi)cn into the bulbous structure at the posterior end of 
tli(' chilinous sali\'ary tulie. 

Of these interpretations that of Sikora is probably tlu' most accurate, 
liccau.'c it alone d('scrib(‘s an arranceineni of Die ducts whicli allows of 
their bcin^r di'a\\n forward by the mouth ])ai1s during feeding without 
(laiiiicr of their rupliii'e. 

Paiton and ( 'rafrii ( 1 9 LL b.')!)) descrilx' a small collection of round cells 
piiiroiindinti the esophajius and c(»nstant in position, ■which differ from 
tiiiM'clls of th(' fat liody in their more alislenine; appearance. They dis- 
finsiuislK'd no duct with certaini\', ihouch iusonu' dissf'ctions a fine filament, 
which may have lieen a duct, was seen jrissinc upward witli thi' salivary 
hurt, .blulh'i' (lilb*)) discusses tlicsc c(‘lls in connection with the fat 
body, hut I'cmarks tliat up to llial tiini' no fat h;is l)r'en (hanoiisl rat('d in 
them. Harrison ( l!)l(i b:22(b says th.at in t li(> Siphuiicul.afa .( Anoplura), 
gi'Diips of Specialized l)inuele,at(* cells, lichly trai'la'ated, li(' about the 
hurts of |||(. s.aiivary {riands, at tl)e b.asf* of tlu' esojihayus. , ■sikora (1916: 
57 -, >1 oivos ;i d(>tailed account of tlie slrimture and :ii)pearance of these 
'^‘ells, whii'li sli(i cnlls '• }>;ross/(>|lif£<! Driisen,” in Pulwulu^ nPinicnt), 
uiiil mentions tlicir presence in tiic other spci'ics iin’cstifi'atcd. >Sho 
cciisiili'i s them ,'is (juilc distimt from the fat cells and suyycsts that they 
withdi.'iw soiiu' constituent from the body llui'l and sIoih' it or act on it 
Ui 'Diiic \\;iy l)(,fo|-,. I'oj iii'niiifi; it to the body fluid. 

die hoir louse there is a cluster of siimll, .subcircular cells, arranged 
’I p.iir of wings, Iving .'d)ovc IIk' lia.s(' of tiu' e.soj)h:igus. Between 
th(s(. i|,|p ('sopbngus p.'iss ccpb.al.ad th(' dorsal vessel and the 

n| III,, s;ilivar\' glands. On di.ssi'clion ('ach half of the cluster is 
’"iiid ii, consist, on the .'iverage, of foi'l'v sm.'dl cells united hy a netwoik 
^uic f racla'olcs. d’he two iiu'diaii posterior cells, which aie .some- 
'ut Ln;i.|. |||;|,| III,, (,()|,.|.,^ jM'.ar-shapetl, li(' side liy side on the cud 
'h( ' ipliiijrn.s with their pointed eiid.s caiukul, and from each of tiiciu 

Iracheolo passes to the surruur.ding network of the fat cells 
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scattered on the doi-sal anterior refiion of the stomach wall. Wo Live 
foiiiul only two nuclei in aiyv one of these cells, while four oi- five uiavL 
present in ('ach fat cell. Recently Xuttall and Keilin (1021 : ISp, 
published the laNults of their inve-stisation of tiu'se cells. By the imraroe- 
loniic injection of annnonia-carmine, they have' di'inonstrated that tlioioll, 
in iiuestion hav(', in PiMliculus. an excretory-accumulatory function. anWd 
they have iianaal them pi riH'xiiphiujftil ncphruci/tt .-i. 


HIE AEIME.MARV ( .V.N.tE .VSl) ITS .Vl'l’END.^CES 

The stomach of the hoft Ioum' (Plate LXII, 7) is a simple tubular vnu- 
ture mea.'iiriii" a|)!)roximately 1 .!>,S millimeters in length. It con-i-t^ af a 
wider anterior part 1..'1S millimeters lone u ith a diameter of ().(i2 iiiilliiiictir, 
and a more slender jwisterior part O.G millimeter Iouk uilh a ilianu tor nf 
0.2 millimeter, and extends from the reiiion of the mesothoi'ax to lliat d 
the sixth and seventh ahdomin.il .si'ements, wliei-e it bends ccphalail on 
itself for a .'hoi't distance, receivinji the mahiialiiaii tubes .and pasd'ij 
into the intestine whet^ it ;m.ain turns <-aird,id. 

The stomach of the adult hoe Iou.m' dit'fers from that of the m.aii-iniistiii!! 
IX'diciili in two |■<■spect'; it' anterior end is not di\ided into tun I'Pd 
pcjekets, ami it does not posse.sS ;i " MatJenscheibe.'’ Stl'obi'll 1st'-. 
Ftielish trans. is.s.'l <)(1) found no “ .M.ancnseheibe " in 
(Ilnnn/itupinu.-i ti nitiro.sh-isi, whih Sikora noiG (i2) found otic in /'"/'/ydo/ 
iUiirtniilopiniis) land, but not in llui itiiiiliit.mi ( //m ///a.'a/'//'"' 

vintriciiKUK land. Sikora (leseribes as preseiit in younir vpi.i iiiicii' "i 
IlartniilDpiniis siii.i a refractive whitish body on the dors.al siiri.i''' nl tlif 
abilomen, wliich in .se<-lions shows a structure .similar to thii "1 tlif 
“ .MaKcnseheibe ” of man-iiifest inie lii’e. In the present iio' 
no such structure h.as been .'cen, but the iii.ajority of the s|)ci mu m s-i 
tioneil h.'ive beiai ni.ature lice, and the structure, a.s Sikora's won 'iipsm't' 


may b<- present onlv in the immature stanias. 

d’h.'it |).arf of the digestive tract lyitij^ in (he thorax tinli 
entrarice of the e.sophaKUs differs markedly in its structure to’; 
digestive rmasenteron. 'I’hat it is to be con.sidered as a tenin' 
merit c)f the rasoiih.aj'Us, criinpar.able to 'he crop of certain 
.siixKested by a nurnlier of facts. In (jro.ss sjK'cimens the m i 
the wall (loes not rrasrmiirle that of the true imasenteron. ' 
circular fifxTs .still lie outr'riiio.st. At it.s di.stal end, just behind 


„• to the 
die mie’ 
1 cnlara’" 

,i|:,|iiic 
. |.|itni»e'-' 
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of tlio ('sophagus the oiroular iiiusclos })Ofoino omphasizcd as a narrow 
banil and Ilia longitudinal fihors pass out from undor them, forming, 
on the Mirfaee of the true stom.aeh, with the underlying circular muscles 
an open-nu'sheil network. A study of sections has revealed no trace 
f an e.'ophageal valve, either wIk'H' the .skuidor esophagus passe.s into 
'ic enlarged part or where the abrupt transition to a digestive epithelium 
ikc' place, and the structure of the wall is identical in both slender and 
iilaigcd parts. A .similar abrupt transition from the c.sophagus to the 
ii(l-iiiiestinc without the intervention of ;i valve or a sphincter has been 
iscrihed in the bedbug, by Cragg (10I.‘) 709). It consists of a delicate 
iibcnlar coat and a iayt'r of much-fl.attened epithelial cells lined by a 
no chitinons intima. In the region *of the abox'c-mi'ntioned circular 
aU'cle hand then' is an abruiit transition to the digr'sti\’e ptut of the 
tnniach, which is lined with ;i layer ol .•'ccretoiy epithelial cells. In lice 
li'secteil SOUK' hours after b'ciling, the thorai-ii' enlargement is frequently 
iiuikI empty; while in tlu' anterior jiart of the true nu'senteron there is 
: i'ii!i.-iderah|(> volume of blood, and if a snicar be made from the contents 
't 'iich a stonutch a larg(‘ munbt'r of intact eorpiisch's are found. Also, 
there iligesji(jji is taking jtlace lh<' active epithelial cells shine through 
lie stoinacli wall tis light spots among the blood, a condition never seen 
11 die Wall of the anterior dilatation. 


At till' junction of the .-tomach and th(‘ inti'stino, four m.alpighian 
uh(s are given o)f. 'I’hey ine.asure approxiinntely 6.3 millimeters in 
ji'gtli and 0.2.) millimeter in diameter, and are al)out two and a (jnarter 
iinC' a> long as tlic' combiinMl length of the stoinach and inle-'tinc. They 
ii't pa-.> liackward along the sides of tiie intestine, aiui then forward 
" till' .iiilcrior end of tlic abdomen, where they turn again eaudad ter- 
"■"‘itint! fin, ally in I lie region of tlie last two al)douiiual sogiueuts. In 
'111! line they show no unusual fealtires, and in no sections have secondary 
"f their lumina iit'eii .sei-n, such as are figured hy t^ikora 
PI, i[[^ j jrq ju riMiiiicuti. 

"''"ioi- to the maliiighian tuhi's lu's t!u' small intestine. It has an 
^|*h"'\iin,i|c length of millimeter and diameter of 0.2 millimeter. 

(P,, ^ ' ' "'i’l.'’ its epithelium, whicli is mueh more sleiuti'r tlian that of 
fchp" • I'*'"’" i"i'l ia I'overod witli a (l(‘lieate intima, lies in six longitudinal 
*'"ec muscle layers arc present, but are nut readily distinguished 
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since the longitudinal fibers are gathered in six strands. There is no valve 
between the stomach and the small intestine. 

Between the small and large intestines is a region, measuring 0 25 
millimeter in diameter, which is charact('ri/.('d by the jua'seiua' of mx- 
whitish, oblong-ovate plates iml)eddi‘d in its wall (Plate' LXll, 7-), Tlase 
plates, which in see'tions (Plate LXll, S) ai'(' se'eii to ('\tend a CDu^iilcralile 
distance into the lumen of the int<-stin(', are .-urnuinded by a large' iuiuiIkt 
of tracheae. The'v have' no ele'tinite ee'll striie-ture', (he'ir eDulont 
granular with nue'le'i seattereel Ihreaigheeut, anel in some' se'e tieuis inegular 
clefts are ]are<e‘nt whie-h are' eviele'utly neit eliie' tee meehaiiieal rupture 
anel may be ele'tinite' luinina. Xee elue-ts e)i>e'ning into the' iute'siinc have 
beven see'n. W ith he niatetxylin anel e'ee^in the- greeimelweerk steiius ;ni uni veii 
pink, anel with irern hemateexylin a light grayish breewn. Whe'th.'r tluN' 
plates are nmeiitie'el glaiiel.- is ime'e'rtain. 'I'lwir iiine'r sm-fae-e* is liiicil with 
a well-elefiiH'el intima, anel at eithe'r e-nel .-i ele'tinite' e'pithe'liuin is re pic-unfeil 


by a few ee'lls in the' cle'fts be'twee'ii the' plale-s, but in the* niidille' ol tlie 
region (Plate' LXll. S) nej sue-h e-e'lls aiv tei be' feuinel. 'I'lie' inner laMTut 
circular muse'h' is jrre'sent, anel (he- longitiiehnal muse'le' eeeiisi't' ot s'; 
banels eae'h maeh' up eif .six eu- .-e've'ii tibe'i's lying in the' inde'ntatieuis hi'tweeii 
the plate", but no oufe'i- e-ire'iikir laye'r lues be'e'n se-e'ii. Sikeuai (Ihlli Ui-W 
calls the'.se' plate's- the “ Fnelelarmelnise',” anel eebje'e'Is te) the' U-S' eit tier 
name ‘‘ re'e'ttil gl.'Uiels ” on the- grejemel th.it in the' leeti.-e the"'(' plate's lu'f 
no ce>nne'e'tie)ii with the' re'e-tiim. Her figure's e>f the'ir siru>'tuie' in /'e'/u"!"' 
veMiincitli re'pre'se'nt the-m as nnie'h meire' gleeneilike' than tlie-y .app'O' 

Ix' in Ilui II ii.s .sills, d’etw.'irel tho peeste'rieer e'liel t he' e'Ul ii'uhi '111 I''''* 

cmisiele'rably in thie-kne'ss anel th<' jelate-s ,'ire' .--ue'e'e'e'ele'el by a we ll-'l' lit“ 


ejjitheliuiii. dhe' leaigit eieliiud muse-le' filx'i's are' leest sight e>t .iMi'iiisi 
large' cire-iiliir tilx'rs Mirreameling the* re'e tum (Plate- Xbll, hi I ' 
shent, straight tulee; le-.-ieling elire-e-t te) thee ;in:d ej|X'ning anel im 
ejnly 0.18 millinie'te'r in h'ligth tinel 0.08 millime'ter in eliaine ii i I' 
lies in six fejlds, anel it is line-el by a thie'k e-ulie'iilei whie'h is not ^ 

chitinize'el ;mel stains a e-k'ar blue; with Mallory’s e'onn<ee'ti''<''' ' '* 


afteT fixatiejii in pie'ro-!ie'e'te)-fe)nnol. 
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airas in front of tli(' hoad. AVIk'D fho spot for feeding has been selected, 
the contraction of the dorsal ;uid veiitnd protractor muscles, assisted 
perhaps by the contraction of the tendon muscles in the side of the head, 
moves forward the biicc.al plate and the pharynx, bringing the former 
ivitli tlu' inclost'd pum]iing pharyngetd tul)e in contact with the skin. 
At the same tinu' the haiistellum is automatically pushed out, so everting 
the buccal le('th, whicli anchor the Ik'.uI to the skin of the host; and the 
.dieaf!; and piercers must ;d.so Ix' carried forw;ird, .since the cuticula of 
the .die.ath is continuous with tli.at of the buccal cavdty. Immediately 
following the contraction of the protr.actors of the pharynx, the protractors 
(if the sheath and the piercers contract and t('lescope the hinder part 
(if the .''h(‘;ith into fix' front part, c.arrying with it tlie piercers and the 
s:iliv;irv duct, which .are inserted into th(' skin of the host. Salivaiy 
srivtion passes into tlie wound, and probably contains an anti-coagulin 
similar to that demonstrated by Xutt.all (l!)17c: 74) in the .saliva of 
the iiian-infesting Ious(‘. 'rix* el(»sing of the ant('rior sjihincter of the 
pharynx causes a neg.ativi' pres, sun' in tlx* pumping pharynx, the dorsal 
sii'faee of wliidi is meantime rai.sed by the contraction of the dilator 
iiiixdes. ;([)(! |ti(> blood flows through the catial of the dois^al piercers to 
tlie iminping pliaiyiigeal lube and .mi to the pumping pharynx. AVhen 
tlie latter is tilled with lilocxl, the simultatx'ous l■('l;lxing of the interior 
yhiDcter Ilf the plmiynx ;iixl of tlx‘ dil.afor mu.sch's of the pumjdng pharynx 
'lines dll' blood into the pliarynx, wixux'e it p;i.s.s('s to tlie esophagus on 
jlii' I'eltixai ion of the pi'sterior spliineter. From the esoplxtgus the Irlood 
''earned by peristalsis to tlx* le^t of the .alimentary tract. The process 
Mil Ijc^i |„, .,,,,,,1 j|| i|(..,^|y iiioltcii speia’iix'iis, ;md is .so mpid that the 
'irn'cles I'ithcr act .simultaneously or in very rapid succc'.ssion. At the 
|"'e(il lii'ding, tlx’ whole structure is brougiit to its I’csting position by 
11 "iniiai'lion of thi' ri’traelor mu.seles aixl tlx' relaxing of the pro- 


'■'""1'. while the el.asticitv of the pl;il(‘ imlxalded in the floor of its 
’'''b'liiii' legion gives the final impetus to the i)i('re('rs and the sheath. 

" "ell of the mid-inlestine cunsistsof (lie usual four layers, a delicate 
1 bii lii|i,| I'e^fjiig- on ;i ba.semerit iueml)r.me and surrouixh'd by inner 
"’'1 oiiti'r longitudinal muscles which are arrangeil in a very 
'nil ' ''"I'' ''otn parable lo that (le.s<a'il)e(l by (V.agg (l!)l.n;7r2) in the 
^1"' '‘pltheliuin of the .stomach is similar throughout, no 
( a.s being adapted re.si)ec(ively for secretion and absorption, 
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and in accordanco with the nuKk* of lifo of Iho insoot it appears to bp 
always iii a state <rf activity. Fn tlio study of tlie epithelium inaiiv scrips 
of sections of the alinuuitarv canal hav(> been made, at intervals of from 
half an hour and one hour aft(‘r the time of ha'diiiH; up to twelve hours 
by which time the stomach in captive sp('cimens appeared to tu'einptvnf 
blood. Sections have al.-o Ik-cii made of lic(' starved to the point of dpatli 
The epithelial cells vary in outlim' accordinir to their state of activity. In 
the restine; sta,!>;e (Plate LXIIl, 1) they are flattened and e.vteiKl farthf't 
into the lumen in the re<rion of their nuch'i. Durinii absorption the 
iniliviilual ceils exp.and until they appi'ar euboidal. and durimp soirction 
the free ends of the e('lls. where' the b.all of sei-retion accumulatc's, licconie 
subcircular. The-e .-eeretinjp eelL .'how tireat variation in tlu' ik'siw 
to which the>' extend into the lumen. They may remain attaehoil to 


the ba'cment membrane' b\- .a broad bu'C, or the'y may be' fiU'atly attui- 
Uate-el anil appanaitly .-it t.a<'hi'il to tlii' membrani' ley a veiy narrow 
anil in .sectieui' blood i' seen e'Xteialini: betwe-en the' iiieliviilual eelb 
(Plate LXIIl. li. In ru) c;i'e' h;(.' a definite cell wall lie'e'ii found lictreopn 
any twej e'ells, and th'- wlmle appe'iirane'e sutrei-'ts a 'yncytium; but further 
preeeif weellld be neee'.";iry l>e-fore the* ;iceepl:inee of this view. Lu’ll 
e'e'll h;is a lartte o\al nue'leiis with ei 'Ubcential nucleolus surrouiidcil hy 


irresrul.'irly 'cattered < liromatin (jramih''. 'I’hei-e i' eoii'iderable variation 
in the petition ejf the- nucleus it) tlie I’l !l, .■uhI this, in addition t*' 
irretcuiarity eif the cells, {rives llie e'ffeet of ;i several-lay < I’C'l I'uithcliuni 
(Pl.ite XI, III, I ;in<l 2 ). Ill mo't e-.-ise's the nni-leiis is st'e'ii ly'in.tl in 
e'yteijjlasm immeMliately bediitld or to one side of the sc'erelion pi’oiluct'. 
eui their r'Xei-e'tlon leamiilis iiit;iet. lillt in a lew e'a'CS the' nilcicli' has hi™ 
see-n te) Im' e;irrie(l alone with the' .~erietion <l’I;it(' LXIIl, 2 ). In lliclattir 
e'.'ise' the- e|i-atii eif tlii> e-i-II mU't follow, ;tnil the' (|ueslion of i'e rcplnctu*-’” 
.'iri'e-s. In many in.'eeis a renul;ir de-.'i rm-l iem eif the- eplllieluiui ta' 
plae-e; aial iie-w cell.s are- fe>rme-<l fie>m rene-ne-rtif ive e'e-nte-rs, or nidi- 
.such .'triie-turea ;ire' pre-.'e'iif in the- lion lou.'e', neer has Sikoia 
fenmel the 111 in /‘f t/lruhis n sh im nli. Xne’le-ar elivisieui h;is n<'' ^ j 
tiikiriK f)lae-e in the e-pil hi'lium, liiil just within the ba.'em'i-' 
at the- b.-ise- ejf and be-twe-e-n .seaiii; eif the; eipitholitil e'ells lie sinpb ^ 

nue-lf-i, e-ae-Ji harelly rneere than a iiue-le;e>lus, ele-finite'ly suri 
small iimeiunt of proteipl.-i.stn; anel thei.se; mtiy lie the seiime 
(tpithedial cells. A similar coiidilioii wa.s ilei.scribe'el l>y 
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(lS9n;246) in the larva of PtycJwptfra conlaminntn. The epithelial cells 
are bounded on their free edges by a border, which appears in most cases 
to be definitely striated. 

Taken from its ho.'^t and confined without food, the hog louse is a short- 
lived insect, and starv('d specimens invariably died in from twentj'-eight 
to thirty hours after their last feeding. In lic(> killed, respectively, seven- 
teen and twenty-four hours after feeding, and .sectioned, the .-stomach was 
found empty of food, its walls contractrsl. and the niajf)rity of the cells 
swollen with secretion while in .^onn' cases the border of the cell was 
ruptured and the ball of secretion hail escaped into the lumen. This 
would suggest that hunger stimulates the activity of the secreting cells, 
and also the lihiu'ation (jf their products into the lumen. 

From a louse fed two hours lu-evioiisly, ihi' stomacdi was dissected out 
in phydological s;df .sedutiou and a part nf thi' wall teased. Microscopic 
eviniiiiatien revealed the presence within the eidl- of two tyjies of granules, 
f which the more numerous wi're fine, irregiilar-idongati'd, and dark, and 
bo less numerous weri' coaix’. round, and refractive. A 2-]')er-cent 
nlutioii of osmie acid was then introduci'd under the cover gla.ss, and the 
uai'sc granuh's ttii'tied hl.aek, showing them to ix* either lipoid or protcitl, 
diile the tine ones pimhaidy n'pre.scnted .si'cnuing granuh's. A scries 
-f twelve lice were killed with chloroform at intcrv.als of one hour and the 
foiiiaclis imniediatidy dis.st'cted out in a mi.xture of equ.ai parts of 2-pcr- 
wit osinic acid and .s.alt .solution and li.Ncd in Flcmnn'ng's weak solution 


twciity-loiir liours. After .''('etiouing. .some wcu’c mounted unstained 
ad others were stained wit!\ safrnnin. .Misurption evidently began 
laiost imineilintidy, for at lli(> ( nd of one hour fmv deep black granules 
'PU' found just beiic.atli IIk' bordiT of the cells of the anterior region of 
'6 stoniarli. As the .•'(-ries was a.seended, th(' black granules iiu'reased 
■'eutK in nnmher nnd in size. The largest lay just under the border 
die iclb and their size was in invt'rse ratio to the degrc'c of penetration 
im die coll. In the first si.x of (ho .seiies a definite inerea-ing ah.sorption 
"aeed in the bulk of the cells lining the wide .si'ction ol the 
^ h, , 111(1 (Ill's alisorptioii wa.s going on evmi in cidls h ruling seendion. 
I " l.inci (j|,, granule's lav in a circle oulsidi' tlie zone of .secretion, 

Ul(_j W'fie, , *■ , . 

thicl ' '‘'''i' ■'<<‘(‘11 to come in eontaet with if even in the few casi's m 
Xfi .( !■' given way and tlie s^'cietioii was in (iroce.ss of being 

^ 1“ the louse killed at seven hours, ahsorittioii was proceeding, 
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region of tile W Ve^W “oLl'^n X' hT' ‘’’f 

'“r n’rt:;:;' " - 

seen '^ting on lhriXXnirmeXXn'“ri‘'7f "* 

hatover may lam' C^tll 'hm flMwt"’'' 1’'’'''^'""' " 
from the cells, leaving in their pi.,,-,.- ni. 'l'> ippe.iml 

the first traces of seLtiol; ;:., 

the form of a compact mass resemhlin.r , (, ||''7!i " ’» 

layer takes a flcp .tair. while tl . v rl "'‘..sc s„,fa,P 

pressed against the fr,>e enml lmr,l,am.f"the'!rirnn 

and finally rupturing it. ’ ’ ■" h into the luinon 

efage'. X X" h,l, i, 1 

i^tage after each err f * ! V" *he cells pass throiinli tlih 

secretion ar.iK.ar '' 1 i '‘'lie formation ,.f tl.e 

rT he "t^rv 1? I •'‘'"'>'''>.i.-n. ami, as the stirlv 

that t' i l " >ts e.xcre,ion is stimulate, I hv imiiKer -ii 

No at ernn, 

m Ik u exact natu.e of tl... ..anul. 

exrxeir T '”ai..rgo,as this wouM necessitate if !or,r see 

P?eh 7 . kL'' . eu: timt hy 

i i.'rfher ( I8t)9, and l.ater l>y M,„.|ir, ( l!»t)2). 

If iiee Ik‘ f,.d as in fl.e previous ex|HTimenl, and blood sin.-ius l,c ,„»h 
rom he stomach contents at int, a vals of one hour ami Mm'ne.l uitli 
vvngt.ts stain, (he gnnluai actio,, of the ..pithelial s,.c,vtion on tin hl.«l 
can 1)0 fo lowed. 1\,fhm one |,o„r after feeding, the red c, ll. he.dim' 
vacuolated and fat glol,ul.'.s apjK-ar, hut the hana.evtt'S an,i lie pl.iielet^ 
are evid.a.tiy not afT,-eted. The .■h.anges i,, th,- .-ed .-ells .oniinie' until 
rmly un amorphous lua.-.s remains, whi.d,. in siaUions staimd 
)Xy m and oosin, eat, !«■ reeognizeil as a mass of hrmvni''' 
o XXH platelets have tx-r-ri .sr-ca, in any hut one-hour much 

7'.’"^!^ 7 **’'■ ''meoeytes are iota, -I hut their eytopla 

** ac (< , there i.s a gradual change in it.s .staining reaction, and 
hours It takes the btwic stain, apisaim light blue, and can he u- 


anil liniiin- 

|■:lllules 
\l I 'VO 
hen lei" I”'™ 
;mr liift'O 
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from the l.aokKroiind only wfth ronsi.iora])lo diffioulty At six hours 
ll.. .f tho lou^oyt™ .1,0, V .V first „f .lisintoerttfion, white 

jt ri.lit h.niis till- »l„,lp has an ariinr|ilions iippnarancc an, I the herao- 

glohifi IS disappoaniif^. 

In mronlanoo wiih (hoir parasitic- hahit. ho« lion proltably ,!raw blood 
from thoir host at fnapmnt intr-rvals and in small quantitios- so that in 
any ono spoonnon taken at random and fixed and seeti„„p,l all A-mms 
of ili.ed.ve a.-f,v.ty will probably be found in the l.-:„th of the mid- 
mtodmo. I host- f.-d to ivplelma eapiivity showc-tl ab<,,rption taking 
f*'*" Ki’adual sueeession (hronyhout the canal- and 
oven in these eases not only have- one or more cells in a state of active 
srrmtioii been found s(-atler<-<l amony ih.- absorbing cells, but absorption 
anil secretion have been seen takinu pla<-e at one time in the .same cell. 

the eat Jt()n^• 

la iH.th larva and a.lult the koy Ions.- is ri.-hly supplimi with fat cells 
'"ariffed in a nion- less definite- plan. In tin- lu-ad they lie along the 
a im legions .mnong tin- museh-s .-mdare most numerous toward the ven- 
a surtaei-. | here are also two small (-hml.-rs doisad of the sub-esopha<Teal 

siirfic 1 a*. '>'‘'''l>ital apod, -me. while on the ventral 

I "mil I Ilf g.inglia and th<- hypodermis. lie loni- eoni])a(-t, grape- 
thciw”, "I'i'-h extend laterad to the <-o.xae. Jn th,- abdomen, with 

,j ' dlhuc 1 luslei s on t h(‘ dor.sal surface in 1 he n-gion of segments 

^ '* *'*.* arranged in (-oniiiacf groups but are more 

'*'’‘■•■'•*1 ;‘»>1 ventral peripheral layi-rs. They are more 
parlici'i'l'.' i..'"-"’"^' the lateral abdominal mils, k-s than among the viscera, 

*'''b\e, ,1 il' , Ti **1*' l'*•‘se lali-ral c-ells are crowded 

> o( vs of muscle and tin- body wall in tin- neighborhood of 


apilm les. 


III m,, 
>'y a ,p 
"all n 

dcarl\ 

''aiialy 
a cl, 


' issection the faf cells <-an Ik- r(-nniV(-d in elnst(-rs held together 
'"'"oik of f ra(-li(-a,‘. They ar<- large-, subcircular cells whose 
■iiis|),ii(-nt inembi-aiK- through which fin- gra.nular (-ontent is 
•'-a < tions (I’latf- L.\II, 10) tin- i-e-lls are seen to i-ontain a 
"I of nucl(-i, eiK-h with an oblong-ovate im.-leolus surrounded 
-JiH- ill which lire sciitti-red chromatin granules of var3’ing 
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sizes, the largest being i-)oripheraI in position. Both in colls staitK'il with 
hematoxylin and oosin and in those stained with iron hematoxylin, tlw 
groundwork appeal's to he alveolar with many dark-staining gnitmlpc! 
adhering to the walls of the alveoli. AVlien thi'y an' staitu'd with iron 
hemato.xylin and th(' difTen'iitiaf ion with the iron-alum solution i< not 
carried far, it is imjio.ssihle to distinguish the fat from the other manuhs: 
but if the destaining is earric'd furthi'r than is customary, the fat ivtains 
its black color, while the other grannies become a grayish lirown. 

In living specimens tlie distribution of tiu' fat body is rleailv scfii 
shining through the intcgumi'nt, and in matun' speeinn'iis tlierc may tip 
seen in the abdomen many green cells scattcrt'd among the white fat 
cells. In his description of the fat body of Phthirins, famdois tlSlipll) 
mentioned emerald green cells which stood out with gre.-itc't i-lcamP'^ 
in the lateral region of the abdomi-n of .idnlt m.tles, but he ilid not relpr 
to such cells in his later work on Ihi* two species of J’cdiculu' (iraher 
fl872:l.)2) also described, in Phthirins, culls with a greenish, Iran-pan'iit, 
visc<aus content and usually with two ilislinct nuclei. In 
I'ituli (IlncnwtopinH-i trn>i>roslri.-<) ."sti'iibelt, i bs82, Fnglish trail' Iss.! 'JO 
found that “ ti tine and delicati* membrane envelops the' yellowi'h given, 
finely granular <'onfcnts, which readily idlow two nmlci to Ix' I’ccngnized 
while in the abdomen he saw 'inall. globular cells with darkcr-colereil 


contents. Nuttall (19l8;d7S; ha.s abo mentioned these grci'ii edh :e 
apfx'arifig in Phthirins when the insect att.ains sexnai matuin\ H' 
criticizes the statement of ()[)[x'nheim iP.M)l> that the pigment i- Iniiii"! 
by a f(;nncnt in the sidivary glands and is de])OHit('d in the iii'cel s tat 
body, and states that the signific;ince of the pigment is yet to !«' 
mined. In sections through mature lice thes*' ceils an' foiiinl 
among thf' fat r'clls in thi- lateral regions of the abdomen. liii> 
much srnallf'r tlnin the f.at cells, and h.ive, /is a rule, only <>’" 
with a well-defined nucleolus, .'dlhough two nuclei have 
.seen. Their cytfjplastn is filled with granules whii'h stain a nmi n 
as compared with fh(' i)ositive lint taken by the granules in th' ' 

The stniclure and jxjsition of these gret'n cells .suggest their mt 
as fx-nocylcs, or further investigation maj’ prove them to hi', de ' 
nephrocytes such a.s Nuttall ami Keilin ( 1921 : 18 - 1 ) havi^ j'>' 


in Pediculas. 
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THE REPRODUCTIVE 0R(;A.\S 

Male 

Mj()l)er<i' (1910:226-2291 was tho first to give an account of the male 
ippioilurtiv(' oi'fians of Iha iiiattipina^t Leach, He interpreted the 
male ('(ipulatorv apparatus and introduced tile following nomenclature 
for the ilitferent parts: ( 1 ) the Ixixal i>latr, lying within the body, articulating 
dbtally with more or less fria' structures, the I'jaculatory duct always 
ri;:"i'ig doi'sal to it: i2) the ixininiins (a term ii-'Cil first by W-rhoeff in 
idcioii to Coleoptcra, and piloted by .Mjobergi, strongly chitinized parts 
auiiulaliiig on the distal jiart of the ba.-al plate: bb tlu' preputial 
■w'l. miTounding the penis and the di.^t.al part of the ejaculatory duct 
and appearing to be attached to the distal part of the basal jilate between 
i' and the iiaraiiif'res. Mjolicrg .suggested that the sac, liloc tho penis, 
n.iv !iav(‘ origin, ated from tin invagination of the ninth ami tenth intcr- 
natal cutiiaila. lie inentioiii'd tlie ino.-odennal organs very briefly, 
a:\ing inret of his descriiition to the ectodermal inirts, which he figured 
v,;‘!i dll' pciii- both at ri'st and ejciUcil. 

bah llie e\ce|)tioii of Strobelt, the catlief workers dc.alt exclusivcl.v 
'■all ilic lici‘ iiifcsiiiig man. .'sw.ammcrdam did not dc'cribi' the nmle 
c ; t' iiluctive oi'gaits; the forty specimen' lie siitilicd were fcanak'S. 
ko'U\vcidio(d< I Hi9,"):;ps7, ;md lii‘17 1^7 iLiiglish trails. lSt)7 ■ tialj) first 
a:''iiviTcil the male, but reganled the petii' ;is a sting (Jaiilke (ISb.'L 
ai'iiiglii the penis was an otdpo'itor for iiiscrling the I'ggs undi'r the skin, 
kiiidoi' ilMIt 17-21 and ISb.h.a .■)2-7)4 ) described and figured the nude 
a ;iioducti\-e organs of [‘hti!! riur i iKjainalix aii'I I’edirubix virtiiucnti. 
bndicr 1S72 1 .d.S - 1 .’i!) ) refi'rred to the work of Landois, and dealt brietly 
"ah the sii'uctin-,. of tfie .seminal vesicles .•ind the eojiulatury apitaratus, 
"ligcsiiiig ||[.p much luon' coiuitlicated organ than 

huidois had thought. Stnibelt ( 1SS2, Lngli.sh trans. 1S8;L99) described 
' generative organs of Linoyiuiilmr nluh {Hacuiutopunoi (enuiwdns) 
biii'ily ;uid iiicomiiletely. 

-bate work on the genitalia of the lice affecting man has been 

j’,' I’tiwlow.sky (1908), Patton and Cragg (1913;, Miiller (191o), 
Chilian (1917 a). The work of the last-n;imcd is the most complete 
^^couiit y|.( published of tho eopulatorv apparatus or the Pediculidae. 
not include the internal reproductive organs. According to 
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Xuttall (page 304 of reference cited), “ the essential parts of the apparatus 
are: (1) the basal plate, (2) the dilator (parameres), (3) the vesica ppuig 
[preputial sac], including its rib or strut, statumen penis, einijcddcd jj, 
its wall, (4) the jaenis, and (o) the ductus ejaculatorius.” In the precediui; 
year C’uminings (1910:257) had given the following explanation of the 
tenuinolog>- used in describing the male copulatoiy apparatus of Siphuricu- 
lata (Anoplura) and Mallophaga: 


In almost all Anoplura and Malloph,aga, it is easy to rcrognise at once the basal plate and 
the parameres. The basal plate — probably double in origin as two longitudinal apodemes 
— is a chitinous Lamina usually, if not alway.s, longer than broad, to the po.stcrior Literal 
angles of which are articulatcsi the two chitinous appendages known as parameres. Between 
the parameres is the me.sosome, the parts of which are not so readily made out unle.s^ a 
specimen t)e carefully di.s.seet(sl. Kundamenlally, the me.sosome is a i-ac — the enlarged 
and e.xtrusible end continuous with the ductus ej.ieulatoruis. This sac — called by .Mriherg 
'■ the preputial no’ " — presents two regions of ehitinis.ation — a distal and a proMinal .\f 
the distal end is the rol of the penis or virga, with frispieritly a splint on each suli' called the 
telomere, and one below — the h> poinere.* .Vt t he pro\inial end are I lu* eiidmiieris, usuaHi 
strongly eliitini.sed bands or nsls, om; on e-K-h ~idi\ sup[sirtiiig the menibriuie "f the s.h.n 
which they are only local thiekeiungs. The whole of the gi'iiilaliii e\liihit eiioriiioii' varnti 
in form, and the nievisonialie ptirts in partn nlar are oeiaisionally s,, mui li mndihcd tied r. 
Iiecomt'S ditliciilt to reeogtns,* their eoiiform,ition to tlu’ general plan just sketi lied riut abine. 
for example, in m.any Pliilopterids, such as Doeojihorijs, no .Nieiilar portion of the appiraCd 
Is recogriisable, .and the distal ehitinisat ioris lie well back within the proxiniaL the wlieb 
forming a sf,Iid aiid eompaet mesosome The abox’e terms are, therefore, adopted sol' * 
for e..n\erii.-iice of de.-enpiion 


M'i>* i,»b 


' rffi*< 

i 


• U. .. JT 


ili-.l pinl’.i.t. lid f-.rin«. 1. . WiOrsO.n, Xiiiiil- "f Oic s 


III the hug lullsu the ll|l•sU(l(•|■|||;^! ri’| trot luci i X'f id'lc'Uls uf llic lu.'lle (lb; 
LXI\', li cuiisist uf two |);iirs of tcstos. slcuilcr v:is;i ticfori ntid, .'I'luin ■ 
vcsic!c<, :ui(l ti luiig uj:ifulat<irv ilti'-l, iiiul tlio I'ctutluniKi! urgdis lb 
LXI\', 1 atiil 2) uf a [xdii', ;i vi'sic,a poiiis, :i basal plab', dU'l |uidi'iiP^ 

4'bf Ic'les an- ubluiig-uvato uilli .'Uliiow ll.at liliuitly luil le b' 1 ' ■ 
aii'I tlic iiiilix illual.s uf c.-ii-li pair tuueli at unc fiul, whcic c:i' |; npi us "i ^ 
if.' va' 'left-n il', wliicli .iliiiu'l iiiiiiM'iliately unite tu lurtn a -iti-f 
4 Ik- testes lie (ili llic ilui'.il wall uf t lie Mliil-iblcstinc lil'lwtfe 
lliura.x ami the [Histcriur bui'ler <it the fifth aluluminal 'cgni 
free t-nils iiuirit re.'|>eel ively cci)hala<l :iriil c.'iudiitl, aial • ‘ 
frefjucntly lie ;i little anteriur uf the right. 1 he vasti d'-fen m 
v( ry sleii'ler tiils-.s lying euili-d ujKtn t heiii.sel ves and tin a !’• 
ward tu the regiuii uf the eighth ,'ibiloiiiiiiiil .‘segiiient, wh'i 
into the .'einintd vesicles just Ixtluw the reclutn. I ho l.dt' ' 
apiKtscil l(> the Willi of the iiiid-iMl*;.stiuo atjd pa.s.s direct!} 
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tho anterior border of the fourth segment, where they turn ventrad and 
flishtly caitdad, appearing as a l)lunt angle on the ventral wall; again 
parsing latcrad and eaudad, they turn eephalad at the posterior border 
of the seventh abdominal segment .and eross the ventral wall parallel 
to the posterior arm of the above-mentioned angle, turning eaudad about 
the anterior border of the third segment. In the region of the fourth 
,~pffmcnt they unite to form the single ejatailatory duet, which crosses 
the mid-intestine jtarallel to fh(' last loop f)f the vesicles and is easily 
rpri)gniz(‘d hv its marked mu.seulatnre. Near the anterior end of the 
iwsal plate the duct loses its thick mu.scular wall and becomes a thin- 
nalled muscular tube which is twice folded upon itself and then passes 
aloiiL^ the median line dors;id of the ba.sid plate through tlie wall of the 
vp'ica penis into the ehitinous peni.s. 

study of the eopulatory apparatus of Haernatopinus reveals a general 
rp'Pniblama' to that of Ikalioulus .and a much more detailed resemblance 
to that of the inon* closely ndated Li>io(j>iathii.s limnotrngi Cummings. 
The sal plate (Plate LVTII, 9, and Plate' LXIV, 1, 2, and 3) lies within 
tlip ventral body wall and is much long(>r than l>road. extending eephalad 
to tho anterior border of the sixth abdominal segment. Its proximal end is 
ruuiick'd: it apixnirs to consist of (wo halves joimal along a median suture, 
"hich indicates its probable doul)l(' origin, aeeonling to t'uinniings, as two 
lonj! apodranes. Its anterior edge is wc'.akly ehitinized. Then follows a 
rorion of strong ehitinization for mu.sele attaelnmmt, where there are 


t'vi -iiiall apodei7ies .along the metli.ati line, one doi’sd and one ventral. 
Tip nualian ehitinization soon dis.ai)i)(‘ar.s, hut (he latei'al continues as 
^''I'lit lididci’s ending in knoblike e.nlargements with which the parameres 
pt'ipulatc III cross .s(‘c(ion tin' plate is scam to consist of two lamellae, 
‘‘ dorsal mid a ventral, and ant(’rii>rly (licsc are fu.stai along their lateral 
I'oidcis. Ii, (lie n'gion just ant('iior to (Ik* articulation of the parameres 
laiiii||:i|. become .slightly broader and tli(‘ two .surface's .separate from 
®i( allot her. 'Pile inner, or donsial, lamella grows up and closely surrounds 
dois.i) vesica penis, and on its lateral regions the parameres 

i 'riop ;iv ehitinous thickcuiiigs. The outer, or ventral, lamella grows 
^'*'ioiiii(lii|jr tjj(, whole eopulatory apparatus, and at iis dorsal lateral 
^^"pis loiinsja deep fold on each side' for mu-selc insertion (Plate LXIV, 
^'"1 •>!. Such au outgrowtli of the basal plate was not seen by Mjoberg, 
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a :-.(l according t(i Xuttall ia not i)r('sont in Podicnlus. runnninjis 
260) has (lesorihod a somowhat similar oomlition in Linognathna liiiiiutir,uf 
Cummings in which the j)aramcros 

are of a remarkable typo. Proximally they arc broad blade-liki' pieee.s which inei t ivk h oihfr 
(but <lo not fu.s') beneath the ine-sosome in a fairly lonp; median groove, then durMlK nr.., 
them-^elves aroumi the meso«me lying b<‘t\ve<‘n them, forming a kind of .sheath, frnm tl,,. 
end of which the penis projects, and, like the somewhiit narrower distal ends of the paranjer. - 
curls up dors;dwards. 


Tilt' ptiniincrcs arc two strongly chitinized regions on tht* latia.il iv.ill'i.f 
thi' dorstd lamcihi of tin' hastd pltifc, anil tirtitailtUc .anti'riorly with its lateid 
pro(‘(\s.s('s in th(' region of tht* sevt'itlh ahdominal st'gment (Plate I.XIV, 
1, 2, d, and d). Thtw are Ixmt-sh.ajx-il structures, with thi' keel exteri);il 
and l;itor;d, an<l e;in he si'cii througli Itotii dorsal tind ventral aspi'ci- 
Disttilly they ;ihno.-t meet on tin' median lint' and proxinnilly they divcigi 
The disttd points appejir to he less strongly chitinized th;m the reinaimln 
of the strueturo. In feeding (>\iK'riments mail's tipproaeliing feinak' 
were frequently st'en to protrndt' :md wiihdntw the ptirameres, 

Thf' vc'iea [x'liis ("preputitil s.ae of Mjoherg, mesosoine of ( 'uiaininft' . 
when It'ing witiiin tlie innly, rests williin tin' n[)|)i‘r lamell.a of tlie iiasii 
pkite, it.s wtills are thrown into folds ( Plate LXl V, 1 and d), :md iis antriki' 
part is invaginated witliin the more jxvsterior part. Wlien ejected iPla'f 
I-XIV, d and tj it pusses iiaekward and slightly downward for ahout half 
it.s length, when it bends slightly nimand ag.ain. It is from oae-liaif i' 


tiiree-fonrtlis of a millimeter long and at its widest jrosti'rior jtart i' ,a]i|)i'ii'(>' 
niately half as wide as its lenglh. At its dist.il end on eitiier side, diivi'il.' 
on the median lateral lin*', are two small lobes covered with tilth, an i' 


the whole sac with the exception of an jirea on the ventral surtace iiur 
tin: proximal end. '1 he thin, smooth wall of the s;ii; sniround' the p*"* 
like a nlieuth for one-half of its length from the point of hrarn hiiig t'ltu 
lip. It points directly dorsmi. At its distal end the ,sae app'iiin to 
continuous with the ba,-«d plate. Above the eo[)nIalory 
Ix'tween it and the anal oiK-ning is the pri'genit.al fold. N" 
fold is pre.sent, unless the <lorsal an<l ventral lamelhu; of the h.ma P' 


be eon.sidered a-s forming such. 

The penis is a .strongly i-hitinizeil t.ulx^ made up of two li:dl-t'i im 
apposed to each other (Plate LXIV, 1 and 4). It lies within ' 
pfuiis, its pf>st<!rior [tinted ernl turned toward the canal heliv' " 
meres, and its ankrior part, into which the ejaculatory ii'“ • k' 
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lino with their basal articulations. IIci-o the chitinoiis structure is no 
lonacr a canal, but two div’crgcnt arin.s which may correspond to the 
s-tatuiuon penis of Nuttall. 

When killing lice with chloroform it was noticed that the males frequently 
ejeited the copulatorv atiparatus in part or complctidy, and this character- 
iqie has been utilizf'd in th(‘ study of the musculaturi' and movements 
of the a])paratu<. '’J'he ])rotraetor muscles of tlu' basal plate liavc their 
oriuiii in th(' vt'utral wall of the ninth ;d)domin;d segment where it turns 
ilnisarl. anil their insertion in tlie anterior ventral surface of the basal 
plate. They foi-m ;i thin phite of muscle fillers lying piarallel to one another 
and identical in outline witli the jilate. When they contract, the ba.sal 
plate is dniwn caudad until the jiroximal edge lies just anterior to the 
houiidary between segments b tind 7, ;uid the parameres are protruded 
fi'iitn thi' se.xual orific<‘ fur from one-third to one-h:df their length. Their 
fliii-'al tispect shows no collar-liki' membrani' forming a shetith for the 
traii.dt of till' vi'sica jicnis as figuri'd by XutttiH in Pialiculus. Its place 
i' taken by the already desia'ibed upgrowth of thi' basal plate. They point 
dirsad and slightly eephalad, so that their viaitral aspect is now caudad 
'Plate LXIV, 4). They are controlled by muscles whiidi lii* at rc.st along- 
d'le them and which, by their contraction .along with or immediately 
fellowiiig that of the muscles of Jlie ba.sal plate, hold them rigid during 
fapulation. ddiei'c are ten muscle strands on idthi'r side', of which the 
five postia'ior lie in a ri'gular sueia’.'sion and thi' five anterior in a close 
'riicy originate in the v'entral body w.all in the region of segments 
fi, and S. The iioslerior sti'.ands are inserted in the deep lateral fold 
'if tlie iipgi'own ventral lamella of ihe ba.sal jilate (Plate LXI\, a), and 
tfic anterioi' strands are inserted as a stout tendon in the anterior dorsal 
herder (if this upgiowth. Mjoberg (I'.tIO IS!)) has e.xplained the purpose 
ef tli(. gi'iiiijii plate, ;it any nite in some cases, as the bjisis of ;ittachnient 
'I' these iiiuscles, tniil bis figure of //iic/mde/nm/.s biital) de (leer shows 
hr iit iiiseitcd in the border of the genital plate. ( 'ro-s sections through 
fhi' legion in the hog louse show the.se inii.seles originating latenid of the 
tt'iiitid plate. (lorso-vent ral l.ilend mu.seles ot the abdomen next 

’''h iei and drive tlie eoelomie fluid laiidad and into tbe vesica penis, 
"'ll i-> thereby everted etirrying tlie ejaculatory duct and the penis 
uiili it. 4'he thick muscular part ol the duct has been diawn 
'hid Until iia posterior end lies at the level of the arlieulalion ot tbe 
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a'.ul according to Nuttall is not present in Petlieiilus. Cummings i laia 
260) has doscribe<l a somowliat similar condition in Linognathus linuKilrmii 
Cummings in which the parameres 

are of a remarkable type. Proximally they are broad blade-like pieces which meet each othT 
(but do not fuse) beneath the mesosome in a fairly long median groovm, then do^^alK wrap 
theni.selves around the rne.sosome lying between them, forming a kind of .-.hcatli, frnrij tli,. 
end of which the penis projects, and, like the somewhat narrower distal ends of the pararutn 
curls up dorsalwards. 

The paraiiK'ios arc two strongly chitinizt'd regions on tin' lateral wnlK Ilf 
the dorsal lamella of the basal plat(\:md arficidate anteriorly with its latenil 
processes in the region of the seventh abdominal st-gment (Phitt' LXn', 
1, 2, 3, and Thtw are boat-shaped structures, with Hit' keel external 
and Intend, and can be seen through hotli doisal and v'enfral aspect- 
Distally they almost nu'et on tin' m(>dian lltK' and jtroximally thi'v diei riii'. 
The distal points appear to Ix' less strongly ehitinized than tip' reinaimlir 
of the structure. In feeding ('X|X'iiments nudes appro.aehing ft'inali- 
were frequently seen to protrudi' .and withdr.aw th)' ptir.ameres. 

The x’osica pcaiis ([in’putial sac of Mjiblxu'g, inesosomi' of Cununiiig' , 
when lying within the body, rests within th(> iipper lamella of the hieal 
plate, it,s walls arc thrown into folds ( IM.ite LXIV', 1 ami 3), and its anterinr 
p;irt is invaginated within th<' more p<jsterior juart. WIkui ('j(‘ete<l (Plate 
LXIV, 3 and 4) if pa.s.ses backward and slightly downward for about half 
its length, when it hmid.s slightly upward again. It is from one-half to 
three-fourths of u millimetim long ami at its u idest posterior part is ;ippi'oxi- 
rnately half a.s wide as its length. .Vt its dist.al mid on eillier side, din ctlv 
on the median lateral line, an> two small lobes eovaa-ed with teeth, as 
the whole .sac with the oxecjitioii of an area on the ventral siirfaei' near 
the pro.ximal end. The thin, smootli wall of tlie .saif surrounds the ])en)' 
like a .sheath for one-half of its length from the point of hraiiehing m th' 
tip. It points ilirectly dorsad. At its distal end thi* .sac ap[)ears lo 1"' 
continuous with the ha.sal plate. Above the eopulatory apparatu- iiml 
Ixitween it and the anal opening is the pregenital fold. No jiosttrenital 
fold is pn'sent, unless the florsal ainl ventral lami'llac of the basal plate 
Ijc eonsidered as forming such. 

The pmds is a strongly chitinized tiilx: made up of two half-tubes elesel) 
apprjsrrd to each other (Plate LXIV, 1 and 4). It lies within the \esinl 
pemis, its [wsterior fxjinted end turned toward the eanal between ti)'' 
tnerea, and its anterior part, into which the ejaculatory duct p;u es, m 
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with thoii Aitioulfitions. Hero tho chitinoiis struf'turc is no 

loniici' a canal, but two divergent arms which may correspond to the 
statiiinen penis of Nuttall. 

t\ )K'n killing lice with chloroform it was noticed that the males frequently 
ciccted the copulatory apparatus in paid or completely, and this character- 
has l)(H‘n utilizfsl in th(‘ study of the musculaturi* and movements 
of the appaiatus. Lhe ju’otraetor muscles of tlie basal plate have their 
(‘I'ciii in th(‘ \(‘ntral wall of th(^ ninth abilominal sr'gnierit where it turns 
(loi'-ad, and tludr insertion in tlu' anterior ventral surface of the basal 
j'liitc. 1 hey form a thin jilate of muscle fibers l> iiig parallel to one another 
ai.d identieal in outlin(‘ with the plate. When they contract, the basal 
p!at(‘ is drawn eaudad until the jiroximal c'dge lii's just anterior to the 
lioiindary betwemi segments (> and 4 , and tlu' parameres are protruded 
li'oni th(' sexual orifice for from one-fhird to one-half their length. Their 
dois;(I aspiH't shows no eolIar-lik(‘ imnubrane forming a sheath for the 
tiaiisit of th(' vi'siea penis as figunsl by Xuttall in Pedieulus. Its place 
i' laki'ii by tin* alnnidy described upgrowth of tla* ha.sal jilato. They point 
dorsad and slightl>' eejihalad, so that thinr vcnitra! aspect is now eaudad 
'Plate LXIV, d). They an- eontrolh'd by muscles which lie at rest along- 
si'lc thi'in ami which, by their cmitraidion along with or immediately 
following that of the muscles of Jhe basal ]>late, hold them rigid during 
<''0]julation. d'here are fen muscle strands on (dtlK'r sidin of which the 
five ])o.sterior lie* in a regular succession and tlu* five anterior in a close 
ili'oup. d'liev originate in lh(‘ v<'ntral body wall in th(' region of segments 

I, and ,S. d'lie [)oslerior strands arc' in.sertc'd in the' cleeji latc'ral fold 
<'f the iipgiown ventral lamella of the' Icasal 'clatc' (Plate' LXIV, 5), and 
die anterior strands an' iriscrle'd as a stout tc'iidon in the anterior derrsal 
honlcr of this upgiowth. .Mjobe'ig ilttlO.lStf) has e xplaine'd the purpose 
oi the genital |)lat(', at any r;ite' in .some' e'ases, as the basis of attachment 
"t these muscle's, and his figure' of hiifali ele' (k'cr shows 

di' tii iiiscrte'd in the' beirde'r of the’ ge'iiilal plate', t'ross se'ctions through 
dll' region in the' hog louse' show the'.se’ muscle's originating laterael erf the 
'iiiilal jelate. '['he elorso-ve'iit 1 al literal muscle's of the abeleimen next 
'■"iitiaci ;nid drive' the’ eoe'loinic fluid eaudad and into the' vesica penis, 
"hieli i' there’by e'Ve’ite'el carrying the' e'jaculatoiy duct and the’ pe'iiis 
■ileiig with it. 'I'lie' thie’k muscular part of the' ehict has be'e’u drawn 
' 'I'i'id until its leo.ste'i'ior end lie's at the' leve’l of the' articulation of the 
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basal plate and paranicrcs, and the slender part has passed aloiifj th(' (enter 
of the vesica, where it is surrounded by a sheath coinpos('d of sl(<n(l(r 
muscle fibers. This sheath orisintites as two latend bundh's on the 
proximal Itordor of the basal plate and is in.scrtcd :is fine stmnds on the 
wall of the vesica at its junction with the ix'nis. 

At the close of copulation the protractor musch's and the l)ody niu-eli > 
relax, and the coelomic fluid pas.<(‘s back into (he body. 'I’Ik' vesica jjenis 
is drawn to its resting ixtsition by the contnietion of the musch' slieaihuf 
the slender part of the ejaculatory duct, as well as by th(' contraeiion 
of many fine muscle fibers which ar(' in.serti'd on (he surface' of its ante- 
rior half and have their ori<z:in in the dois.al anterior border of the Im-al 
plate. When at rest thes(> muscle tibca-s form a thick layer o;i th(' anteiinr 
o'gion of the ba.-^al plate and a thin layer betwaam tlu' V('sica ])('nis anh 
the ba.sal [date. .Sonu* rnu.'cle fibers orifiinate in the ventral liody wall 
between s('gment.s ti and 7 and are in.^ated in the anterior border of the 
basal plate, and these* by (heir contraction bring tin; fr.amt'work of the 
apparatus to its resting position. 

The histological structure of the* mesod(>rm.il organs shows soiiu; int(‘re't- 
ing feature.^. The testes are surrounded by a thn'e-layered wall — an 
inner slender epithelium, a V('ry fine ba.sement membnuK*, and a |)eritoiieal 
wall in which there is no pigment. Ftif iKslit's are closely ,‘ti)|)o.s('d to 'he 
dorsid surface of the teste.s, an<l among th(.‘m, as al.so in (he peritoneal 
wall, tracheoles are very numerous. The contents of thf* testes con'i't 
of cells and developed spermatozoa, which for the most pait lie in dustd' 
of from six to twelve individuals. 'I'his is similar to tin* finding '<f bainlois 
(180.3 a: -a-'b in Pediculus, and is common in in.sects. Faeh s|)crniato/oiiii 
has a rod-shaped nucleus in the head, which takes the hemato.xylin '' 'in 
so inten.sely as to ap[X'ar black. .Vnterior to the nucleus can be di'iin- 
gui.died a .small area of cytopla.sin .st.aining a bright, [)ink with comm i'l'f 
as the tail stains. \o middle [dece can lx; distinguished, 'i'hese ehet' i- 
of sfx'rrnatozoa are in that h;ilf of e.ach testis which lies next to be .i' 
deferens, and apjx'ar to rest iti a imilrix of nutritive cells with vei\ e - 
staining nuclei, din; rem.'iinder of each testis is filled with cells t 
of the dilTerent zones of development. .\t th(^ b;i.se there* is a vei,\ 
cluster of s[X'rmatogoni.'i, followed by sjx*rmatoeytes of both ooi 
process of dividem and I’eduction, and th<*n a .sni.all .section of spcn, 
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Tho romiiininK mosodomial .structiiros aro sloncior tubes varying in 
jiatni'ter. S('en in cross section t Plate LXTII, 3) the inner layer of their 
wall is composed of epithelial cells rcstinsr on an f-xceedingly fine basement 
iiiciiibrane. ()utsid(' this is a thin, structureless layer, the ti’ue nature 
(if which has not btam (h'termimsl. The anterior half of the ejaculatory 
ilncl is surrounded by a stroii'r wall of circular muscle fibers, amona' 
Hhiili arc also, toward th(‘ posterior (“ud. strands arising at right angles 
til the iluct wtdl :uid jitissing to the outer cilin- of the circular fibers. Xuttall 
lliI7a 307) tittributes this strong development of muscle to the force 
tiircssiry to drive th(> .s[)cini;itic lim'd down the long, slender part of 
the duct. 

The cpithclitd cells lining the v.as.a dcfcrcnliti .an' small and somewhat 
Il.ttfctK'il, tind htivc ;i str.-iight surfticc in the lumen. The tinterior sections 
(if the sinuinal vc'.sicles ;ict as ;i reservoir for the dt'velopt'd spiu’matozoa, 
tiiid dierc, ;is in the sections of the vti'ti d('f('rcnl i:i. tlii'V c;m be .set'u. The 
cpitlicliiim of the region i.> n'gular .md columntir, and th(' nuclei, which 
tire circular ;uid h;i\’(' ;i wcll-(,i('fined nucleolus, lie ni'ttr the btt.se of the 
(■ills, of which till' cytophism conttiiiis many dark-attuning granules. 
I-ntccr iti the tultes the cells lo'c their (dt'tirly dt'lincd imu'r bortiers and 
appear finely granular, while ti .secretion which stains :i dei'j:) pink with 
eiisin surrounds the spermtitozoti.* 'I'his scco'lion .soon ttikes a definite 
f'liin and is ovtil in outline, tind, in tippeanuice, not iinliki' ti cro.ss section 
"1 tin ortuige or the illustrtdioti of the " Mtigensidicibi' ” given by Ltindois 
lS(;.')a Pl. 1\', fig, ,Si, tunl it conitiins minute vtiruoli's i Plate LXIV. (>). 
llicse suggest spcrmtitophoies, but in .si'clion no s|)ermtitozoti. could be 
■'ccii within them. Still ftirthi'r tdong in the vesicles the inner borders of 
the cells project into the luiniiitt tis blunt, thumblike jtroce.s.ses, which 
tu'e 'lightly pink in sections stained wilii heintitoxylin tind eosin, while 
•he renitiinder of llii' cell is dtirk bitie. Xocell wtills tire sei'ii tind thi' cells 
•uc (‘\idently in tictive secretion. The cletuly defiiu'd “ spermatophores 
irnv become mtirkedl\' vtictioltifi'd and grtidutilly lo.si' all sembltuicc ot tt 
'litliiiite foini. 1‘robably this .si'cretion ticts tis ti solvent. In the anterior 
Ittiit of tb(, iiiiiseular section of thi' I'jticultilory diti't the cells tire small, 
ill the posterior part the cjtilhelium is mttch thickeiu'd and has a 
iirnkcilly gltuidiilitr tippearance. l•’rom mtiny of the cells ot the vesicles 
'''h die ej'icillalorv duel, slender processi'.s project into Ihi' canals and 
ilireeily into the central luti.ss ot secretion, whih' in some [ttirt' el 
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the duct they interlace. {ilviiiR the appearance of a network nc::! tho 
epithelium. The .^lender part of the ejaculatory duct has a small, nmud- 
celled epithelium, but in one (piarter of the wall it is thickened and 
projects into the lumen as a more or le.ss blunt cone, which, in the ]xi"in<r 
of the duct to the penis, forms its dorsal wall. 

In gross tlissection of the parts no acce.ssory glands have been found. 
Patton and Cragg (1913:o.‘)9) describe and tigure small glands in 
nstimoiti at the junction of the va.sa (k'ferentia with the seminal ve-ickv, 
but such are not present in Ilaematopinus. Xtittall ( 1917 a:30S) mentions 
the acces.sorv glands of Pediculus .as lying on the muscle of the dorsal 
surface of the ba.sal plate atnl undergoing pas.dvi' movement along with 
the ejaculatory fluct and th(' {tenis at the e.vtrusion of the copulatoiv 
apparatus, but no such gland.s have* been found in Ilaennitopinus. It 
may be that the place of accessory ghmds has been taken by the enlarged 
glandular epithelium of the different part.s of the ejiiculatory duct. 

Female 

From the work of Landois (1864:11 and IRtio.anlS) it has long been 
known that the P(>di(ailidae jto.s.sess irolytrophic egg tubi'S. C.ralcr 
1872: lo9) differed from Landois in his conception of the egg tube', 
.and described them as telotrophic likt* thost' of the Hemipti'ra but garc 
no figures, and ,'ub>ef|uent work has shown him to be wrong. Strnbilt 
'1882, English tratis. is.s:i:9-l,i made the earliest reference to the ovaiic' of 
Hafiiiatoitniii.s .vn/v, ami he descrilK'd them as bilocular. His finding' i' 
regard to the >tructure of the tiilK's ami the d<'velopment of ibe egg' 
confirniefl the work of J.amlois. I lie classii' work on thi' o\'uic' " 
Siphiinculat.a tAm)plur,i) and Al.allophag.a is Ih.at of (lro.''S iP.IOti.d. 
in which he showed the clo."-!- resemblance between the two groiip'. li' 
'tiidied four 'fiecies, of which l/m irialtiiiiiius .'nn.s was one, ami dc'iiibol 
in detail the gross anatomy and hi.-tologic.il structure of the o\.uh 
,ind the de\elopment of the egg. Mjobeig ( lfll();2.).L cited tlii‘ uo'k "t 
( iross but did tKit himself mention the femal(“ re[)roduclive oigaiv " 
hog louse. 'I'he fem.de reproductive org.ins of the Pediiailidae ale ' O"-. 
man have Ik-cii described by Pawlowsky (HMlSj, who illiistiat'd 
work with tninsver.se and longitinlin.al .seiUifins (PI. II and HI, fig'' 1 
of reference cited; but inchnleil no drawing of the gross aii.i' 
by Patton and ( Vagg (1913:566;, who figured and briefly dc'.scribv < “ 
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I'uaii; by Miillor (1915), who .'linuc l a Muint)rT of figures; and b\' 
Peacock ( 1910) • Nut tall (1917 a ,.‘1I2) di-icrihed ( ho copulatorv apparatus. 

'riio essential reproduet i\'(‘ orgaii^i of the female are the paired ovaries 
and their ovidtiets, with th(' eolleforial glamls. The remaining parts 
ai'c the utei'us atid th(' vagina (Plate 1). In the hog louse neither 

sperinatheea nor hursa eopuhitrix is proM-nt. 

The ovaries are clustered, consisting of fi\-e egg tuhes on each side, 
and this number .seems to be constant in the Siphunculata according to 
tlie <litfcrent workers in the group, hut the num!)er of egg chambers in 
cacli tulx' diffi'rs in tlie various sjX'cie- P.-udi egg tube consists of a 
tcnninal filament, a termitial ch.amber oe germ.irium, and as a rule two 
egg chamlx'rs or vitellaria although three :ir<‘ sometimes seen. The 
fine terminal filaments of each ovary of a p.air unite, .and pass as a .single 
filaiuc'iit above the mid-int('stine intfi the fat ladls ;ind their tracheoles. 
(iraher ( 1S72' 15!)) alone, among the (‘arliei- worker', thought that three 

tia'ininal filaments, or \’(>ssels as the>' wem then calhvl, passeil from each 

egg tube; but. as ( iiatss ( 1‘MMi d.'tO) suggest'. lii> proh.ahlv confused tracheae 
with terminal thre.ads. The ov.aries lie in the abdianinal cavitv on each 
side of ^he mid-intestine, .and in the region of tin' sixth abdomitial segment 
they fust' to form ti slutrt commoti oviduct on eitlier side. They pass 
into the utt'rus tit the tmterior border of the sevt'iith si'gnu'ut after receiving 
the collett'rial glands, which are largt*. trilobed glands with convoluted 
edges. Their tmterior lobes, pointing (‘ephal.ad, lit' along each side of 
the mid-intestiiH' umler the lateral hordei's o! the vt'utral abtloniinal 

inii'cle ])late, and extend to miilwav hetwet'p the posterior atul anterior 

hi). tiers of .segment 1; the [losterior lolx's an' shorter, and. pointing caudad, 
cMciid just within the .interior honh'r ol tlie eighth segment: the lateral 
lohi s suri'ound the oviducts and the miil-inti'stine near the anterior 
hfinlcr of st'giiK'iit 7. 

1 he uterus is surroundt'd bv a stout mus<ailar wall which, as Lanilois 
I It'd.) a : ,”)J ) lirsi pointt'il out, is math' iijitti einadar as well as hmgitudinal 
hher,', Aftt'r rt'ceiving the oviiiucts it pa — ^I's cauihul through st'gment 
' into segmt'iit iS, tilt'll ht'iitls hack alon.g it'clt just into si'gnu'iit 7, uheie 
h ng.iin turns cautlail dt'scribiiig a .seiiiieircle. .so that the point of its passagi' 
into dll' short, thin-walh'tl vagina lies on its own s[)iral. 1 lit' meaning of 
b' length ami mu.sculatun; is revealetl in examining specimens having a 
"niiiirt' egg in (he uterus. It is thou a long, strai.ght, aiul wide tube, 



708 


Laur.^ Florexce 


whoso anterior border lies approximately on the anterior border of tin 
fourth segment. 

The structure of the female copulatory apparatus is much simpici- duu 
that of the male. It is situated in th<' last three segments of thi' Inxh, 
and the external indications of .sex are the shajx' of tlu' abdomen, twn 
triangular ehitinous plates on th(> dor.sal surfaei' of segment !) (which 
ends in two pointed lotx's), and tlu' gonopods on the ventral surface of 
segment 8. The gonopods tPlat(' LA’III. II) an' flat proces.ses, trianeiila' 
in shajae. Their median free l)ord('r is .Mimewhat strongly chitinizci; 
and is .set witli a row of stout hairs. Anteriorly th('y are joined Iw a 
fold of the integument win'ch projects caud.id in two blunt points. A' 
has alnxidy been .s;iid, they apjx'ar to have arisen as an infokling of the 
integument of the segment. The .sexual orifice is on segmi'nt S niidi'r 
the anterior Ixtrder of the gonojxxis. It leads directly into the' vagina, 
a thin-wallod ehitinous sac lying clos(' to the venind body wall and at 
its anterior end [ta.ssing into the uterus vent rad of its ,s('tnicircular coil 
In Pefliculus the walls of the vagina are covered with minute, outward- 
pointing teeth. In Haematopinus no tc'cth could be se('n on th(’ vaginal 
wall in gross preparations treated with |X)tash and mounti'd in l)al.sani 

A plate of closely .set mu.s<-le filx-rs originates in the anterior border of 
.segment 7 immediately posterior to the ventral alxioininal muscle plate, 
a.nd is inserted iti the atiterior Intnler (tf the gonoixxls. d'lu' c(aitraction 
of these muscles mises the gono|X)d.s and iaings the .sexual orifice and the 
Vagina into poition for cojnilation. Aluscli' tilx'i-s originating in fhe 
lateral wall of the vagitia and in th;it of the uterus near its passage into 
the vagina, are inserted in the sternite of .segmi'nt !), and by their contraction 
draw the vagina and tin,- uterus to their resting position. 

The histological structure of the ovarian tulies at different stages nt 
development has Ix-en thoroughly studied and described by (iross 
.3.')2-8f>I j , and a brief rc'umc of his work 's hero in.sorted. 1 here i' an 
peritoneal wall surrounding the egg tubes, and the tunica proinia dt.is 
merit membrane^ is unusually well develo|H>d. In the terminal tin m'' 
of adult females the content consists of a homogeneous granulai 
plasm which < iross regards a.s degeneratf'd rc'inains of the cells to l>c 
in vounger st;iges. Landois tl8(>-I:lti) ha'l .sf'on these cells also * 
terminal chamber of Phthirius, and he considi'red them as spi'cilc 
forming elements and hence the terminal chamlxir of the one-cg- 
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, ^ M true yolk rharnbor. This ('hanibcr rornains small, there is no boundary 
licuvi-i’n it and tlio tcrmin.al thread, and its epitholium is romposed of 
<in:ill iiuclni between whieh cell txHindaries are seldom seen. In young 
i-idiviilnals the chamber contains only a few eells besides the epithelial 
niidei (Plaf(‘ LXVI, 4), while in older animals the cells are quite degener- 
ated and are l)rok('n vip into seat tensl fragments until finally onlyepithelial 
iiurli a remain and these have migrated info the interior of the chamber ("Plate 
LX\’I, ")• I'l every ease dross found a zone of transversely arranged 
ipithelial cells behind the tcrmin.al ehainber. .'-tiieh a zone is eharaeteristic 
(if telotrophie egg tubes and has not been found in any other group having 
piilyfrophie (>gg tubes. In Ilaem.atopinus it is very short and in some 
ca.se.s is repres('nt('d (jnly by a row of much degenerated epithelial nuclei, 
distriliuted in the longitudinal din'ction of the egg tube. In the egg 
dminhi'r (Plate LXVI. t)) there is a definite numlxT and arrangement of 
iiulntivf' cells. 'Phere arc' fiv(' of the.se, and tin' odd one lies in the ape.v, 
uitli thf' others in two successive rows immedi.alely behind. The nui'iei 
Ilf all are irregul.ar in outline. Such ;m arrangement was seen by Landois 
lSli,')a IS) in Pediculus. 'I'lie two hindmo.st mitrilive eells push into 
the pla'iiut of the egg, ;md there is .scaai a layer of dark-stained, ball-like, 
little nuclei which tire thi' nutritive .stibstanee introduced from the cell 
to th(> egg for th<‘ fonn.ation of th(' yolk. In the older indiv'iduals the 
follicle epithi'lium is chairly seen to b(> of two kinds. That surrouitding 
the nutritive eells is thin and (kit, having few nuch'i and no tli.stinct cell 
" ills; \v)iil(> that surrounding tla* egg chamber is made up of deep cylinilri- 
ctil c('lls clo.selv a]ipos(‘d on one another. and eontaitiing cylindrical luulei 
with an elong.aled nuch'olus. PIk' mitosis .seen in the epithelium of 
yiiunger stages has now giraai place to amitosis, .uid finally each cell 
•ciitaiiis two nu<'lei whieh lie Iwhind <’ach other in the longitudinal a.vis 
•if the i-i.ll (Plate LXVI, Id). (:ro.s.s h.as nev«a- .seen cell divi.sion following 
till' amitotic division of thi' nuclei, and in the light of more recent researches 
till' iiiich'ai' division is to b(’ n'g.anh'il rath(a' as a redistribution of nuclear 
aial'aial than as a (rue amitosis. I{chin<l the I'gg cell the follicle cells 
'"•' hi'inined in by a collection of dark nuclei similar to tho.se behind the 
iitii 1 1! i\'i‘ cells, and ci'll boundaries are wanting at this point, both these 
hum s|||,j„||.( ||j|. that in I l.aian.atopinus, as in so many otlna lascs, 

till lolliclc ('[lit helium ('( iop(*ral es in tin' toi'iii.ition ot the yolk. I hi' 



710 


Lauha FlOREN'I'K 


sucoessivc egg chainhors are conneetetl hy short stalks of epith ‘lial c ip 
appanaitly a eontinuatioti of the follicular epithelium. 

The egg tube.s of each side pass into a short ovitluct which receive^ tin 
wiile conduit of the colleterial gland before jia.ssing into the uterus 'Hn 
wall of the ovitluct is made up of a thin muscular layer, a fiiu' basement 
membrane, and small oiiith<'lial cells with an inner delicate chitinou' 
lining: that of tlu' colh'terial gland consists of a pc'ritoneal nK'nilirmie, 
a thin basement membrane, and large columnar epithelial c('lls with lart;f 
nuclei (Plat(‘ LXV, 2). 'I'ln'se larg(' ('pithelial cc'lls secrete the cement 
which glut's th(' t'ggs to the bristles, and in st'ctions stained with la'inatowlin 
and ('Osin the secretion is st't'u as a pink, liomogt'iieous, more or less vacuo- 
lat('(l ma.ss, while with iron lu'in.-itoxylin it appt'ars dai'k brown or black. 
The uterus receives the oviducts laterally and sonu'what i)osterior te 
its aj5<'X. In this region the mu.scular coat is only mod('rat(‘ly developeii 
thf' epithelium and its basf'incnt membrane an' ck'arlN' .st'en, and the chi- 
tiiifjus lining is smootli (Plate LXV^, 2). I'osterior to lh(' point of entrance 
of the oviducts the wall is thrown into (h'cp folds and th(' muscular luitei 
e(mt is verj- highly devehjjx-d. The epithelial c('ll.s an* sniall and no distimt 
cell btjundai'ies are .seen. The chitinous lining is thrown into innuinerahlc 
sharp convolutions re.sembling mod(‘rateIylong, sharp t('eth ( PlateTXV.Ic 
which, posteriorly in the region of the c(»il, appe:ir as blunt, rather flattcnio 
teeth 'Plate LXV, 5 and bj. From .sccticuis imule through a uteru' cnn- 
taining an egg, it appears tliat tlie.se tf'ethlike proj('clions n'taiii thi'ir 
form when the utf'rus is fully f'.xpandcd. 

The earliest description of the egg of the hog louse is that of Lcmkar' 
tlNo.'j: 1 Itf-ldly Ifc recognized the presence of a third chorionic layi. 
but without .sections it was inijKi.ssible to get a true conception el th 
structure. He figured a piece of the .shell, showing it to be provii Icil 'Olk 
innunierafde cantils running fjcrpcndicuhir to the surface of the chorinii. 
Sirobelt (1882, Fnglish tnins. 1 88i{ :!)•'»— !17) describeil brii'fly the cgii 
Li ru/ij/nifhii-s I’itiili { Ilnrnmtopiimfi Lnuirnstn.'^), citing fa'uckail e'*'' 
L'lndois. The most complete and ticcunde de.scri[)tion is that ol * irns- 
(I hot) 2i)l-.'177;, who fourel, in the eggs of Siphunculatti (.\noi)hii o 
Alallophaga, structures so .similar as to indicate clo.se reltit ionship I" 
the two grou|)' Mjoberg (It)iO 2")7-2l»2) refers to the work ol < irc" 
;tnd describe.s briefly the eggs of .several ;i<lditio iai six-cies of Siphiii ciilata 
(.VnojjluraJ and Mallophaga. 
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Tlio follicle epithelium of the egp; chamber secretes first the vitelline 
nu'iiibrane, which in this ease is also the cell membrane of the eg:g, and 
then lh(' chorion. According to ( Iro.ss, of whose work the following is 
a resume, th(' formation of the <-horion begins at the posterior end and a 
thin endochorion and a thicker exochorion are formed. The former 
apix'srs striated in- section and may be porous. The follicle cells are 
-oiiicwhat convex on tln'ir inner surfaci' and an impi'int of this is k'ft on 
the exochorioti. I j) to this lime tliidr nuclei have' been lying toward their 
iiiiiei' surface, and the formation of tin- epichorion (exochorion of Leuckart) 
begins as a constriction between the nuclei, and in the indentations so 
inniK'd ajipear small, rather regul:irl\' ihomboid, chitinous structures. 
The egg shell is not formed of t riK' chitin, since it is soluble in pottissiiim 
tivdroxidc' ) Hy furlln'r const rict ioti of tin' epitla'lial cells between the 
iiuch'i a systt'iu of hollow cavitic's in cominutiication surrounds the egg, 
and tlu'se hecoiiu' tdmost filh'd by a deposition of chitin forming a distinct 
chitinous huiK'lla ( Plate LX\ 1,21 ;ind 22). I’p to this point a nucleus has 
rested on oiiclt sid(' of the constriction, btil row tli(‘ oiu' between the epi* 
and exocliorions passes tlirough tlie ettintl leaving only ;i tip of protoplasm 
(Plate LW I, 2.5 tmd 24). 'I'Ik' (‘piehorion now moves clo'('r to, th(' eggshell 
proper, and ih(' port's asstnnt' the aitix'aranet' of ratht'r long canals (Plato 
hXVl, 2o.a) ; so lli.al lookeil at from tin' siirf.ict' (Plate LXVI, 2(5). the 
i piehorion ap[)ear.s pierct'd b\' mmieroiis c.anals ]X'rpendicul,ir to its surface 
heiickart, l.S.I.n • 1 It); stomata of Stevenson. PtO-h lt)) Between these 
pores i< network of tliree-sich'd (•,a\ities. During this devt'lopmetit the 
'taming pro[X'rti('s of the epithelium liavt' tindt'igone a change: tin' pi’oto- 
plasiii takes a dt'c']) stain, while tin' nucleoplasm lias beeomt' transparent 
and tilt' nueli'oliis no loiigt'r sliows great .dlinity for stain. 

•hi llu' oiK'i’ciilum thi'i’e is no ejiieliorion fornu'd and theyexot'horion 
much tliiekened (Plate LXVI, 2 ~>, b). Tlie eliitin formation oxten(.ls down 
•he 'idi's of the epilheli;il cells, but it is ati outgrowth from thi' exochorion 
and Hot a st'irar.ate formation. 'Plicn' ;ire polygonal areas on the lid 
(''irrouiKled by a network whose ridges are much deejx'f th;m those ou 

*he egg, but, as there is uo cpiehorion here, the two parts do not differ 
111 level. 

1 he epithelial cells now rtijhdly dt'generate, aiul characteristic, very 
'hnklv stained structures, liki' broken i-irdes, am seen in their protoplasm. 
*hi the oix'iTuIum tlu'sc are attached to the ridges and extend lengthwise 
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so that a fork is foniiod, iM'twoon the prongs of which are tram-vciv. 
ridges (Plate LX\’I, 28). These structures have nov('rv regular characicr, 
and Gro.s.s could not dctcnnine whether they originatcil as sc'paratc rinus 
or as lamellae. In the vicitiity <if the furrow between the egg and the 
oix'reuluni the apiiearanee i.s distinctly modified (Plate LXVI, 27, h). Ilei,. 
the branches of the network are th<'mselves forked and th<'ir prongs an* 
extended as longitudinal rings: also, the transverse' rings are more nunieious 
and irregular. Behind the operculum there is still another structure. 
Over the network of the exoehorion, and at first without any conni'ctioii 
with it, is formed a eharaeteristie trellis of longitudinal and Iratisversc 
rings, having as a groundwork a narrow, undulating hand whose eurveii 
edges lie always on a furrow of the epiehorion. The whok' is then sru 
through with transverse paralk'l rings, some of which are found also between 
the epiehorion network. Directly Ix'hind the opi'ieular furrow th(' ehoriun 
extends as two specially larg<' projc'ctiotis which I)end forward and aic 
forked at their outer ends (Plate XLVI, 27, a). These an' two lainellae, 
which extend annmd the whole eireumferencc' of the egg, overarching 
the furrow and protecting it. In fh(' fully devi'lopf'd egg (Plat(' LXVI, 2!)' 
the rings are .said to be made of ehitin and to have Income a part iif the 
chorion. The remainder of the epithelium is now an amorphous nia." 
and i.s the .s^)-ealled egg-whit<' layer around the egg. of which Gross sa\' 
(page .'370 of reference cited): “ .Vueh <li(‘.ser rmst.and, da.ss der I'ollikcl 
.schlie.sslich sieh zur Liwr'i.s.shiille uinbildot, ist, .soviel ieh weiss, nlini' 
.Vnalogon unter den Inseeten. ’ The epiehorion is conneeted with tlw 
exoehorion anteriorly at the o[M'reuIar ridg(‘ iuid ixjsteriorly ;d the egg 
stigma, a eomjdieated structure whose signifietinei' is not clear. .\ diltusiDii 
i/f ;ur thrfjilgh the pores e.annot lake pla<’e beetiusi; of the egg whiti. 
An intereharige i)( gas cannot t:ike place, ;dlhough th(' sixiee bei'Mcn 
the exoeh(ai(jn ;ind the epiehorion contains ;i tpi.anlity of gtis: r.itlier i- 
this eh.atnlKT of g.as to Iw reg.arded tis ;i wtirm covering for llie egg. "f H 
may serve as ti [jroteetion against injuiy from blows to which eggs atta hed 
to the hair of tuiim.'ils are ex[K).sed. 

In the egg of the hog louse the mieroi)yles are not indicated h,' 


sfX'cial fonnation. In .sections they esin 1«‘ seen as simple etinals, nai'e ii‘g 


.somewhat iit their inner ends, in the vicinity of the ofK-reulum. l.i n 
(18oo.l4D did not stjtte their numb<'r; according to Gro.ss (^IhO'' 


there are at least thirty. 
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At tlio poistoi'ior ]i()I(‘ of tho ogg is a very chanu'tonstif structure tPIate 
LXMAH). wliich (iraher (1872:105) gave the name “ Eistigma.” The 
earliest description of this structun' is that of Leuckart (185.5; 139, 141), 
wild ohserved it on tlie eggs of Perliadus capitis and Huematopinus 
d(i«, and it was seiui also by Landois (18()4:15) on the egg of Phthirius. 
Ci'dss (1900:372) has givi'ii the first detaih'd description of it and figured 
it.- structure. 4'he egg stigma forms ;i roundish swelling on the chorion 
and is pierced by numerous thiii-walled canals, which narrow toward 
their inner mids ;ind converge to one side. ( Iro.ss studied its formation 
in detail, -tinil in yotmg stages found lli(‘ ('gg folliide closial l>y a plug 
extending far into the int(‘i'i<jr of the yolk, but as growth proceeds the 
plug heeomes levelf'd. The nuclei ;ti-(‘ small and the inner ends of the 
(ells are ilrawn to ;i jroint. The.st- inner ends .are cut olT from the cells 
tti a characteristic manner tind the nucleus is drawn to the outer wall, 
while between th(‘m is a zone ol protophi'in in whiidi cadi boundaries 
(.111 no lo;:ger bi‘ recognizcal. Petween the d(‘ta(dieii innc'r ])ieces begins 
th" depositioii ,if idutinous substance, aial this ajtix'ar.s as fine striae, 
while at the exterior, where the deposition has lieeomo more advanced, 
thi' ilii:i, (diitinoiis laimdlae have lo't their color, riii'n are formed in 
the region of t he st igma the eiidoidiorion and the exotdiorion. The stigma 
i' iiow (■( 111 iplet(d\’ de\'(.loped. I he point lormial by the pointed ends of 
iiii‘ cells still remains aittndieil inside, eidl walls can be recognized, and 
n call be seen that eaidi eidl I’oi'iiis ;i ean.al. 

.\ii s;,( y biologie.al interpretation has l',('('n lound for the egg 
'tigiiia, a si iiici found in no otln'r inseet order, laarlii'r .uithors 

advanced iliree view's, none ol which has provial sat istact ory. Leuckart 
Ix.i.i i.ip) aial .Melnikow l i, slip, 1.51 < regtirdi'd it as an altaidiment disk; 
e'li ii ilii^ Were Its function, wliv should it be pierecal by etinids in most 
' Kiamer i|sr(9.(li2) reg.ai'ded it .as the Iriii' inieropyle; but in 

'Cine s|)|,,.i|.Sj fur e\, ample Xirmus, the ctinals do not pa.ss to tue inner 
'■'i'b of the cells. Crttlxa- |1S72 11)31 interpreted it as a moans of tienition 

I"!’ the cues and .so iitimed it: but in most ctises it is eox'ca'ial over by 

'"■rcia;!i, 'I’ll,, closing of the pores liy .siaa'eiion would be essential m 

b'liciiliis^ since, aiaairding to Sikora (1!H.) •).llb :ind Xutttdl tl91i d.l4t)), 

escajM's from the egg by pumping air through its alimenttiry 

' '"''I "I Old, a- to increase tin- pressure in the egg and foree open the 

"i'CK ahtni. 
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TECHNIQUE 

In the laboratory the following methods of keeping liee have been tri,,, 


Conditions 


Opportunities 
Ternperaturo of feodinR in 
24 hours 


On laboratory table in petri TIoom 4 

tlishes t« iiiperature 

In incubator in open vials 4 

dry heat 

In incubator in vi:ib iiaving in .■it‘d-;l 7’ ( 4 
the Ijottoin a la\( i' <»f inni't moist heat 
cotton batting 4— 1 incti thick 
In a gauze bag worn on the Ixxly 4.')’ ('.± Constant 


In vials plugired witli cotton aid 
gauze ami carried close to the 
body iltiy and night 

As in last experiment 3.'C ('.± I 


3-1 


IxCnsth 
of hie 

7-10 (lavv 

L ndci' 21 
hour' 

3 daV' 


Lic(‘ wimli i 
not feed 
tliroiuili 
gauze 

I’p to 3.‘) (lat ■ 


'ii’st da\', 3; 2() dtty' 
sei’ond to 
lifteent h 
day, 2 ; 
si\tei‘nth 
tot wenty- 
sixth da\', 1 


We htive found the last method tlie l)est for rearing hog lice in captivit\. 
In the glass container', hog bristles and teaM-d gauze were pro\ i'lid a' a 
foot holt I . 

( 'hloroform has been found the most stit isfactory medium for killnm 
lice both for dissection in tntii an<l for serUioning. For the former |iiii|ic'i , 
the lice may !>»• [reserved indefinitely in KO- to So-jxa'-cfait alcolol. i>'i' 
the following Htiid has Ix-eii found much more sat ishictory : 

DistillefI water . . , 30 parts 

Alcohol, Of>-[M'r cent ... 15 jiarts 

I'V)rmaldehyde. ... . ....(• parts 

Glut ial acetic acid 4 parts 
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Thi- Ihiitl was first iisod by Painpol (1014:298) in his work on tho female 
Ichiii iiinonidao, and lie found that it kept the tissue soft anrl elastic for 
dhsi'ctiii)! purposes. After ehloroforminfj, a small slit was cut in the side 
of the abdomen to allow th(‘ jiresi'rvin}^ thud to jienetrate more rapidly. 

O'.viii”: to the toughness of (he (uitieula, di-.seet ions could not be made 
on slides, ;ui(l so tho lice wf're fixi'd (ti the top of a thin layer of paraffin 
ill the bottom of a wtiteli {-lass and covered with jihy.dolo^ical salt solution. 

, 'scalpels with curvf'd hi, 'ides, miei'o.'cope seis.-ors, and fine net'dles were 
used, and till dis.seet ions were made iiiidei' ;i Zei-s idnoeular. After some 
[iractice the dillerent .systems coiihl be remoi’ed intact and jihieeil on 
slides in a droj) of stdt solution, where the parts could be tiiTtineic'd in the 
ilisii'cd way tind fixed in position with Ble^'. thud aecordiiiK to the method 
fiilloived by Ptitton ;md ( 'r.-iyt; ( 10b{.71'''-72‘)j, 'I'hi' material could then 
he ctirrii'd throueh the alcohols and sinincil in /e/e. d'he best result in 
siich sttiininK has beim olittuned with ( Ireiitieher's borax carmine, the 
.'tain heina; ‘illowed to tict for from twenty-four to forti'-ei'iht hour,?. 
In dissecting oi-gans for s(>etioning. the phy-ioloaictd salt solution was 
rcplticed by tlu' medium in which the tis-ue was lixed. 

In the study of the eiiitheiium of the ditre-tiie tract, the alimentary 
tract wa.' dissected out ;ind jirepared for imbediling in jiaraffin. In order 
to cut inoi'i' than one .stomach at a time, the method learned by Minchin 
fi'oiii lellow workers in the Zocdogieid .'station at Xaiih's in 1801, and 
U'l'd by Minchin ;ind Thomson (ltd.') .'iitst for set iotiinii the sfomaihs 
"f fleas in their stud\' of the rat i r\ p.iiiosome. was tried. Their mt'thod 
con-isieil of cutting thin free-hand sei-tions of tunyloid livt'i', arranging 
thri'c stomachs on it with the tmteiior bord.-rs level, ami fixing them in 
position with ,'i drop of ;ilbumen lixative. This bio 'k could be oriented 
oisily, but it was found more .s.it isfaetory to simply imbed single alimentary 
tracts, 

hi sectioniiifr whole lice it w;is necessary to double-imb('d in celloidin 
'*iid p.ii.'diin, ;ind three inethod.s were followed, all of which gave eipitdlv 
RD'id icsults. d'he slow method of celloidin imbedding, beginning with 
‘‘ him solution ;uid gradmdh' inereasin.g the thickness until tiu' obji'ct 
".Is 'i|!ii(i(.|||l\' permeated with celloidin to lu' ht.rdened in chloroiorm 
‘"111 c:nii,,,| ,,|j paratiin in (he usual wtiy, w:is tirs' tried. Ihen, in order 
'll dioiii.|i (|j(, pei'iod (jf inliltralion, ;i modification ot (lilson s rajiid 
"II till., Tx'c, 1905.T3I) wars substiluteil. At the same time the oil- 
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mixture method introduced by Apdthy flOr’nhU, 468; also Kornliaiuf'r 
191()) was used, hut it gave no l)ett('r n'sulls than (Jilson’s rai)i(l hhiIkhI 
and involved many inon' steps. .Vf()'r do>il)le-imhedding it was Iduiiil 
possible to maki' good s('i'ies of longif udinal and trans%’erse sc'ction.s of 
6 microns, 71 mi<'rons, and 10 microns, in thickness. 

The reaginits used for fixing wc'H' Zcnki'i's fluid, Rouin’s fluiii, aiid 
Flemming’s weak solution. In ev(M v case tin' insect was chlorofoinieil and 
its legs were cut off (do.s(> to the tlmrax Ix'forc it was placed in th(‘ rc.aiiont. 
Both th(' Z('nk('r-fixc(l and the Bouin-fix<'d material wi're stained with 
hematoxylin and co^in, hcin.aloxylin .and orangi' (I, and nadhylciic Muc 
and eosin. In addition thi‘ Bouin-fixed material w.is stainial with .Mallory's 
anilin-blu(' ('otuiccti\'e-tis.''U<' st.ain. a conibin.ition used by Kingcry ilidli 
2!-)2i in stuilying the intestine of the grasshopper 'I'his stain different iatis 
the chitinized from the non-<diiti;ii/.ci| (ani(ail.a, the former staininii red 
and the latter a (d(‘ar blue, and .abo brings out strikingly tjie strialions 
(jf th(' mus(dc filsa's. The l•’lemming-fixl■d mat('rial w;is stained with 
iron htaiKitoxylin according to the method of I bddeidiain, and with 
safranin, a solution made of e<|ual volumes of a water-soluble and an 
alcfihol-soluble stain being used. 

.\11 measurements given in the text were made with an ocailar nii(a'oni('ti‘i' 
Valued in terms of a stage micrometer u~ed in a Zeiss imdaajscopc titled 
with an obji'ctive .\, Id millitiicters, and an ixailar .\o. and having a 
tube length of 161) niilliin<'t(as. 

•siM.MAitV 

.Vt the close of his |)a[)er on the mouth parts of the body louse , Ilanenii 
tl91fib:2i8) has pointial out the many ri-scmblani'cs foiinil by hinisi ll and 
other wejrkers bctwceai th<' Sipliutnailal a t.Vnoplura) and the .Mallopli.iga. 
partiradarly those of lh<‘ subonli'r Is( hnoccra. The present slud\ ha' 
serve-d to again ranphasize th<* ge-neral similarity in structure of the 
grou[)s, ;md has breiught to light .some' structures which have not \et 
been describeil in this onlcr. 

Xo rnentiein of the; apodeiiies extending from the dorsal to the eeenal 
surface of the tluarax has been found in the literature. While tli' aanit 
suggestcfl for them th<‘ apo'lcnic.s of the proflmrax and tin' pro'O "iiiii 
— is intfiided to call attentieni 1o their position in thee ante'rie)!' pari el ih' 
thorax, it must not Ix' forgotten that they probably originated as ' '.ig' 
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nations rospeot ivoly of the transvorso conjutir-fiv'-ao hotwoon the pro- and 
the inesotliorax and Ijidwoen the pro- and the inesostenium. 

A scoind structure hitherto undcscrihed in the Siphuneulata is found 
in the luaid, undc'r th(' i)<)sterior lohe-^ of the hrain. d’he position and 
itnietnre of this pair (jf l)ilaterallv synuiiet rical ciiaailar bodies sujjgests 
their intei’prc'tation as the “ corpora allata ” of Ilevnions and other 
inve^tif^ators (cited by Herh'sf', 1 !)()!).. ASS, ainl by Sehi'odcr, 11)12-13 :8()). 

Ill tlie stud}' of th(' stoiiiodaeuiii and tin- inoulli parts, tlie aim has been 
to present as a<‘eurate a picture as pos^ibli' of ilieir anatomical structure, 
iniisciilature, and working. 'I'lieir iiomoloti}- i> not touched ujion, because 
in tlic case of structures so far modified fi'om tlu' generalized type, inter- 
pretation should rest upon an invest iaat ion be<i,un with the earliest 
appearance of si'Kiuentation in the eiiibr\'o and continued to maturity, 
('holodkovsky (11)03:120) tilonc has loiiclicil upon tliis aspect, in his 
ivork on tin' luiui-infestinfi ptaliculi, who'C phar}'nx and mouth parts are 
similar in plan to tliosc of the ho.ir loit'c. In none of the sortiuns of the 
;ilimcnt;u’\’ eanttl ha\'e proto/ottn para-ite- bemi found, and tlie jibysioloKy 
Ilf (lifiestion has heen tottclii'il itpon but briefi}-. 

Till' rejiroductive s\>tems and tlie seconilar}' sexual charaeters re.semble 
those of otlicr iiiciiibcfs of the order, but in till' female no n'ccptaeulum 
eiiteriiit; the uterus has been found, .leeordine to Ifrii-rison 1 11)1(3 b: 221 ), 
“ill the Isehnoeera, and in all .\iiopluia Nive I’edieiilus, a reee]-)taeuluin 
•d remarkable strtieinre opens into tbis uleru-- bv a lonir narrow duet, 
the entry of tlie duet into the reecjitaeuluiu beiim marked by a conspicuous 
diitiiioiis riiip;.” 

Tim experiiueiilal uork on the bioloy} of the sjieeies lias lieeii carried 
nut Uith miicli care. lu the aeeeplaiiee oi the re-ulliau' timu'Cs indieatiiljr 
jji'i'idds i/i ill,, [jf,. liistory, liowever, it must be Irorne in iiiiiid that in the 
'riltiral liabilat, with eoiitiiiual opitortiiuity of fiHalinu;, these ireriods 
he somewhat sliorter. 
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THE HOG LOC>E^ HAEMATOIMN'CM SUIS LI.V\E 

1 , Cla’i'>'s of a<lult Ca, p'Otnj.'‘iblo pa<J. h. jomt tibia an<l tarsus), '2, f“Rgs attaf'hc<i to hog hn-'tle 

fa, fap, or <»p« r* uhiin, b, vit»'llin'* luoitibraii'’, i , .J, fir-'t in^lar, t, »oooiiil lu-tar, third in-tar, 

6, -itfrual plat*'. 7. oxnvui to bn.-'H**. h, a^iult inalo, 0, vontral a^jx’ot oi pt>‘-t(‘rior ^cjinu-nt'' nf 

aKHitjfM n of titalr, 10. a<lult ff/uub'. II, vMifrul a>p« ♦ t of jx.^ti-nor -“••gnu-nt'^ of al^doun-n of feriiaU’ ui. 
gonopois;; IJ, apo'iefae of pr»wioruum and protborax atta'laxl to pliiti» 

t'i, I, an<l o <lr:isvn from exuviae, to «un»e s^alc a» H and 10; 
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Pl.AIK MX 

TIIK IIO(i LO> 'h. fl \hM.\loriM ^ IJNNK 

I, Di'^^nirnniati'' of {»n”'.tr\ ai.i -'.oa.lirv tr.t- )■* J, ■<hgrrja, vr-sfilmlc, IhjII.i, atW 

tra' hoa, ♦Iraw n from i !'-ar»‘’l 'pft> im* n. », o** f j.ni tf af^loii.ui il 'f la n a la. % f't ibul' !•, ii \ < r, < , Imlla, 

rl, intruj'i'' ’..'i*.*!' . I. voatril ai>-J'>/'iifril fiHi'-i- of f.-mal*-, vi iifrai .i-pi'f *, 

right I to r tl a' t! i «*f - t,» -.f I •>{ << I’l- > Jr ta ri fr<ifi gr* •-*<•»'"»' i ion ) . la irt a till i iii"-li;tlf 

of !»•: grh of aorr \ i. fa ro irMial <'• il' 7. ir m*;. • f i>ri r Jiro'igh h* art I’t p gmii of «»'*() iitn 

nor voin s*. . a:.' i iop rtor f > »rf <>f p if I.- » i< ■> \ - f . f'^o? f -il c ificljoti !•, r* « orrMif rii-rM < . I'T n'l, 

rl. 'lif I* '•of>f. igi 'll g ‘ t IV • f. i.p'f '•••r I. u g t '•t'lio': g. o^ot lior.i* n ganyliof* h. itn f ai lior k i' 

gafigliofi lO'l t‘>»lo'. inal gitn/Jioo i, v:-* . r il ti-r^-- i lori** ihrongh tifiof tuitrniia 'lunving ii'ulti- 

nijf'laar -• tuorj rol!-} 'ilrawn .vjfh oil iiuoa r'MHi; 
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Pl.\tk lx 

Tiir nor. r.oT;>F:, ii\K\f \ mri.vrs sris mnnb 

1. Tran<vfr»p =‘rrti<)n arjf^Tior r. mnn ..f h.-a.l ju't po'.ffrtor to -fftinn ''Iiowd in Plate I XI. I 

< 1 , ' il i>l <t‘‘ }». *i' ‘f" il ' !• MP'.'it uf pn-r* • T' e, int. i n«r • fi<I' «»f piiicpuiK pLar> nK< al tul f. 1, ~trti' tiin ' 

rnrr* "lx .•i.iing to “ rn ” of i, iiiMi, in-j'- !• - «*f f !(<••«*•. tm, 'lor-^al i)ri)1 r:M K*r> of lup i nl pl,it( 

o, pr‘frtinMl R.iUKtion , ‘ior'il ,i-p»'f of itp.r.or part of uin fa, plate, «, pn’-ipirm 

pharN ni.o il r ji >• a. p'lr'ipif.ur pli.»rv a\ k . f>I. trv m \ . tm. -lor- il pr<»f r t* ’or r,Mi.seli-'. . pp, \ i m r il {trotr'ii o., 
tna-’ I* > ' 1 ' j . irp* nor 'i'jr'.i! r» tr i' r-.r itpi"' 1* > rr. i o-». rp.r 'I'fr' il rt t ra< tor iini-r Ion . s,. ijt.r- il ims'i Ii ' oi 
fifetr> rix . t , . -opti ij? i- , u i. “ n. it.*!.’ !• - " of I t - i. -|. m \ \ . I if c r il Tt lafoji inu-i I* - , \s , fi.i I'ti llu m uiiii 
tjiiM.iI I'lli’or f.t'i'' 1“' of p'ln.p'nc pf-irv.'ix t.of nfiuw n i . i, veuiral :i*-f>eef (4 aiitirior part of 

.‘'tori.fx Inf ijrii xt. v> ft’ ral r* i r i' tor t'.O'' 1* * r.ft,' r !• ”< ri’'ir a- i a j. | \ . rit ral a-jierf of liiij-'t«‘‘l,irnj>rii- 

tni'l* ' 1 at.' I -Kow If ;; ; 1 '.,trit'V*i— -> • ion t Pro-jirh arif > nor r* ir.oii of f lior i\. ^Iiou i 'iit po'ii d-t- 

ffi'l- of r If 1 of pi.-f. I r-t '.s jt h f lit ir ;t i* ’.i. 1 - ,, . ijt j, -jl.i ..fj» Ionhi^ j,|. tm i n arnl « .-opli.i^rn, i 

'lofftl . 1» f t r,f of pn T' f r- •!, v< r 'ral •!*:.••* of pi. r- • ... . r . p,f il apo.Ji mi , t. a or fa , k , r( ' an ■ i,i 

ra r% f , 11, tf,'i. m. oonni-. nv i - fin. fio-o nor arr. >• ipoi!. fia - of • a f or.t \ aii' 1 pro«f i r ’luni , o, - il. , ,ir\ 

elarr i I.et Af . ■[ rarni of pi* T' • . -opf nj j, , ..ph p ,rt « *!• -T' J * l» e •• n i of pu T' er" < , -a!l^ i' \ 

d'j' t -1. 1 r I’f 1 of \ f r,tr il * !•'• ..nf . .f p't r. . r- o, -a irv pi if.'! f u. . *1 m im of po-r' * r- f>. af t ' rio/ i n i • ' 

chitifio-i- plate iff/fif 'idn 1 ill t*..«/r ol -.’a »J . *•* i.r**t f i* lof tioi-. |. -> <.f ,it h a till pien * r-. n, vitit r il Iff i J 

r. tr-i' ti If-* of -)i<at^’ 'ifi'i tH'T’ ' it Ii’oril r. » I I *'.f, ,>f n! ratli .nrid pnmr'. tm. po»icr."r 
r* tr.'i' tor-' '*/ -h* at ^ arel pi* r' » r- {Ht-f < ri''r r* t r.i' f<*r-. ui’-. rf * *1 in • lel « -f » i' ti ran *'of -tmw ti , -If' if* n 
awriv If 'iVifjg orii; V‘fifr»! tilit. and f.o r- < ho ttaf litifil r-tra-tor n'ii-''I«n :ip}H ar iti ,i[>pioii'i f* 
fxiaiMo/i . 7. <iorN il . I* ,'( » '.f of po r- ' r*. i, l-'i!’. ,it . ii t of - ili v arv *Iiji t , n.iIu ir\ 'In* t ufoi rl\ iM.' pe o • r 
-li'ivi n a-* a '1' )» t ml jji.r. in f*roM;. i! {. irt o'.I . < v * iP a! • !< ';i« nt of pif r* era 'i>, ' luliiiou'* '' if* I ' *1' ’"1 
111 of ih<-afh’, ant.Ti'ir fni-j '>f ventral •l.'f.if.ta of pier’a-rs 
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Platk I, XI 

THK !{ 0 <J LOr'iK. II \h.\l VToriN'l’^ Is I.I.VN'E 

1 , Tran^vorv* ■»f‘< f ion tfirougfi 't'»n 'kI i* 1110 a» iii!< n* r I* \ « 1 «>f .1! r »< nf of hfival part of " pi;iri(lil di - ' 
of to latt r«il '.sail of i«l > a. f-u ■ il pi i**-. .|..r - il . !• u.. nt of j». r- 'o < , - ,ili\ar\ <l:ji 1 . il u i "il 

elf-tjuTit of pjvr* or-' J. »r t!i-\ • '■'* '• • fio>i tlirooich *-»oi' i- 1 : 1 . it rior Ii \ 1 1 of “ - * p i" [ 1 - 

ing iiifoal lo‘’» . o* h»r !• 1 1< rmu i- if» 1 i. t r fi- \ cro- . t ion t !.ro i^h 'foir.o. i n niu at j.o-r, r n i I. \''l 

of " r.ianiliM'-a ” ■ I* tNTir.g in I ati-l J*. J. ir.in*%*-f ion thro jitl. -to;. o<l rciiiti m po-ti r.oi o 1 <•: 

hu'-'-al plaf<' 'na. po^t' riop ar* <‘i l*ii' ' t! f>’ tf* f. r- lij- on «!or- •• 1 of p i-- fiiriK pliarj nx 0’' . r !• ”1 1,',-' 
a- in 1 an-i rran*v» r-»* -» • fi'>.n fnroni<n ^ton.*. I.i< .in. in r- ic.on of atif«Tior lior-.il > f.ifii.o'i' jd i'- l, 

piinif/irii? ph ir> tix h . {H'T' ‘-r ,ith ot‘i«T J- t f « rin;r 1- in I »>. f r ni'V > r •• si 1 tiori r liron^li -(on i- l i' 
ranu* li.it**!.* 1 >* .’u.nJ ant* r or ‘ *iit lao.j' pi i«** n. *• n Ion - of 'for il r**r r i (or » of hir i il | .1 iti ot In r 1 ’ f ’ r,[ l' 
iv,"! in ' , 7 , t r iri'Vi'r-o 1 ' .on t fipo stoor •.) i« n'o j j*t nff » r P ■< it ion t ror n pn-p' > r 'la P li 

a-* ifi . s. t r ifo>vf r*<* n* t i'»:j t hro aiP* nor r* tr-oji of p'l »rv a x a, j >f. ir \ a x * t r.t n-v ' r-i’ t "i t ' ' UM 

[/•fiVTi'jr fagiofi of p}iar> ax (a nin«i ‘.r-t -lor'.il * hit mo. it pl.iP jj. holloa i.n-loiis of « ont r.ii i h x it "p i-i'i-' 1 ’' 
k, phar> n*; 

(.Vll (iraaiiigt on tin- plat*.* faa'lc with inmicrtion aa>i lirnwri to •''ah'} 
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Platk I. XII 

Tiff: IfO(} Lol 'K. H M \TorTVr'< SflH MNNB 

1 , Tr:iri?v'*‘r'‘*' ' f i » ?. r* ■ .u?. -Ko-.v I'. c I' iw !■* ojM'tiitij? into pjrrrrr shoath 'a. eland' 

b, fii' f’ '-r J. l 'nei»'i'U:i tl M"ii tbr-uii rtvvl‘>vv-k\ - el'nj'l "Irawn wjf}i oil inui cr'i'iN', 

-ili’. ir> e'ari'l- in 'Mfnr-il -i wntri! l». literal *• bop'-o-'fiiK'—liap"! elnml, 

r>’.rjr'e-«'%‘'it4‘ eltri'l, •<, \ht*TtMr r‘fcti'*’i “f b'<r'i- b-n el-in-i an-l flu' f nlr/iwn frcin yrn" 

witb oil in.rtif f'.'-'. , 7. -O'l' i' |j ,» •--.:>}! leo- b. m i«l ritf-tiiH / . -4riiall nitr-iui** <1. rrifimi of 
rfM » -i' f, rri.'ilf Jiebi irj tu‘.« •* , t r-tii'V^ r-*** f i* ", t brooeh r» ki'"i of plat"’* . 'i, f ran.'’V'«’r-f‘ 'Ci't ion through 
rfr* t'i'i. , 10 , lorteifi'iiniil s^ofion tbrougb aUioimnal Hf^gfix-nt -a, fat «ells», b, ocncx-ytosj 
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PL.ATK rxiii 

THE HOG LOl'.sK, IIAKMATOPI.Vrs sri.S UNNB 

I, Transvcf?^ s€<'tion through ^-torii.vh ninf* hour-* 'fi. n-jjion of srrtion piiI:ir?o«i 

in 2). re<(ion -i of 1. x '■'><)<) i, fr:in''V^‘r>o portion rirnl r(‘pr(x]i'''tiVf‘ "f ii'il', 

X a. ifitOrtt no h, 'Oiiufia! v'*--!' • ofirainuijf 'prriiiatof»}i«»r»‘ mu.*" iilnr part of ojm di,'! 

d, 'lendor part of oja''iilatf>ni 'I'i-t f\ v'a^a «l<*f**rr-n-' f, upfHT roj^ior* i>f -finnal i«‘s wlmli a'l- .t' 
rt'ncrv'oir for '♦pcrriiatozoa. a. malpii^fuan h. tra<h#-ai 
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PI.ATK L\I\' 

TffF KOO r.Or^K, \f XTOIMVrs >1 IS IJVVK 

1, Rf'prolu' tivo organs of i: al** ; i. t* *t. > f.. v.i' i J* r* tif 1 1 * . fan tl v^sk Ics. r-j.if uiatorv <Iu' t 

p^Tiis . f, \o a {H'fit’. g. I'u^al plati-. !i. pararo* r« '» J. «•< t.-l* rti'a) r<-pr'H)'j' ti\ f of ri,,ilo in r* >• i 

p'Bsjtiori, Wor^al a-fH-i r slorri-ring a- im I', i, c- to irrnial r* pf’** lo' • iv .• or;.Mn^ of loiil* . i , 

ventral a^pof t (IfSt^rr.g ;i.> in l<. 4, i»'/-t'rior r»gion of al'‘ioni«n with vi-i< a tin'l poiii" liord 

■ t 'fi. ‘ aii'lal :i'p»-t: 1. upgro-Atli .>f \ . otril l.iJt.'-II.i of Ka-al tiltTo, » orr»‘-»poii'lirig fo ' o|I,ir 'i' '' rd > 1 
f>y NiJtt*i!I in !'• <!.' uj n-, , 1» tttring otli< rwi?** a- ui 1 i . trati^v* r-f -«•' i ion r I, rough po^f > nor oinl of ah ioiui n 
of rnalr o, f. v*-si' i p<-ni'. ga. 'lor-.il lanalla of ha^jil p! it** ’*houiric thuKcning of jiarin r n"', g!', 

venrr'il lani»‘lla of hjti'.il plat*-, i, rnu**' I* nf |» ir*in.* r* - j. r* fra* f ‘>r fou'** !♦ ■* ‘>f v* >.1* a . k, prol ra< tor inii-f I' - 
of ba-^ai plate) , u, traii.-viT-^* se* tioti of ” ” t*lravMj mt h oil itnn.* r^ion i 
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Platb i.XV 

THE HOG LOI'.nE, HAKMATO|‘IN'rs '^ITS LrN>fE 

I, riopro«la''tive or^ari' of •.». •>% iri'*'. i>, ov.'lii« t'. « , « ri.tl ^I/uk]*-, iI, uterus), 2 , trari'ver'C 

of part <jf v^ail '<f til.ni-l "Irawu v\if}i »nl lu.miT-imi . a, tr.iili<*a), 3, traii'Vfr'c -f'lii'jii 

through ariK.Tior rri'i of ut*TU' }, trau-vo r-*- (loii ilirotigli ufrrun po>*t< fu<r to t)if eiitraii'*' oi oMdjio 
(a, .*» ' rctiorj from < o!k‘r«.-rial gl.in*!.-*) . irai».>ver&c '»c-«;tJoa tfirough uterus iii region of coil, 0, tc“Vth oi laiiii.a 
la “i (^irawa with oil uiitiicrsioa; 
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Plate LXV 
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VuKiK rwi 

niK HO<; r.oi 'K. n \ km \T oi*iNt s si is linxe 

Lonj?jtu<iin‘\l f.rrmi-.il 7. vf»«fjon tlirou^h fhciinl/tr 

lor.tfjfu'linal ••»*« 'f r'»’iirh • uu • i- .•*' r lo < r'»'» s. . ri..ti throui:}i f'>IIn li‘ ‘■•rlU, J1 -J"), > r'>" "I'l in i - 
f- I'ljt !»• < ••!!> ni •h*Tt f ni ••t ijJ' ' in f -r*. «*t’ rfM- Ihti- » ft Jn, -.iirfaM' vii'H nf rjii' hnrio'i , J7 arid 

r T' -• ’ Mo'» thf' »' juh f' ■ * 1!« ns ■ l.'T* r* nt -r.ig'-H m formation i>{ hr>non , J*.J, ■.#‘r t ion f lirouji*' i 

.i4, lO' '•4<fi‘*n throintn ‘‘Uit -»iKnsa 

iKig'ircrt on thij «oi>i**«l from Gr'r-s an«i numbcrt.**! acconling lo Km arraiiRi nicnt i 
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STUDIES IN POLLEN, 

WITH SPECIAL REFERENCE TO LONGEVITY 




STUDIES IN PDLLEN, 

WITH SPECIAL REFERENCE TO LONGEVITY 
H. E. Knowlton- 

Althn nnioh work h:is t)ocn done on problonis concomcd with pollination 
and fort ilizal ion, very littlo lias hrcn revoalod as to the biology of the 
pollen itsi'lf. It is well known that the duration of viability of pollen 
varies with tlu> sireeies. It is found that eorn and barley pollen only a 
few days old are unabk' to bring about fertilization, while date pollen 
may still eth'ct f(‘rtilization affi'r siweral years storage. The work done 
hitherto on this [iroblem has consisted, for th(> most part, of mere obser- 
vations, with no study of the underlying causes of pollen longevity. Aside 
from its scientific intc'rest, the practical aspect of the question is important, 
till' viability of pollen ai:d practical iiKuhods of pi'olonging its life are 
of great iiuportanee to tin' plant bnaaler. With a knowledge of the 
most favorable conditions for jiotlen storage', it would be jrossible to cross 
plants blooming at ditTcrent jx'riods or tho.se bioeiuing in difl'eront parts 
of the world. 'I'liis would pcriiiil iiion' extensive crossing atul a wider 
Scope for the work of jelant iinproveineid. 

1 he prese'iit work is a study of pollen and polh'n longevity, with an 
attempt to detenuine, uiuler dilTereiit storage* e'enielitions, some of the 
loasoiis feir jxille'ii ine)rtal!ty. An endeavor was also made to discover 
practical mcthoels of peellon stonige'. 


KXTKNT or SI i Dins 

for a numher of reasons, hut jiartieuhuly In'eaiuse it gave a fairly large 
•in.intity e)f polhai aiiel a sueee'.ssieni e)f lileteuns, .snajxiragoii (Aittiirhiiium 
Dnijiis L.) was the' e-hief material u.se-el in tlu'se cxjie'iiments. The plants 
j*" greewn in (he- gie'e'iiheuise'. I’eer a sheirt-livi'd ]X)llen, com (Zen d/eu/s 
'•) vas e'hei.seii. Some work was :dse> eleaio with apple (Pyru^ inahis L.l. 
‘ "'<n th(> longe'vity of iKilien wtis the' primary interest, only tlwse 
'">i|)li(iIofri(.;^| phyfiiological stilelie's were- mael,' whie'h se'emieel to have 
■ '"'It hearing on this problem. Exte'iisive germination tests were made, 


751 



754 


H. E. Knowltox 


As a rule, ligiht has no effect on germination, altho Sandsten (19l0) 
found that with tomato pollen it was inereasetl 25 to 50 per cent in sun- 
shine. This increase, however, may he due to temperature (-ffect. 

Without doubt, the role of osmotic pressure in jxillen germination has 
Ix'en overemphasiz('d. Martin (1913) has attempted to deterniine the 
osmotic pressure of ixdlen grains. Ry means of th(' plasmolytic method, 
using ilifferent concentrations of cane sugar, he found the osmotic pressure 
of ixtllen of Trifoliutti pratcti.'^e to he 165 atmospheres. Ilis data show, 
however, that e(tuival(mt concentrations of diiTercmt sugars produce 
widely different effects. lie explains this on the has..s of diffcrencis in 
the permeability of the sugars. Lloyd (191G, 1917) has presented data 
to show that, in the pollen of the sweet pea, it is the colloids of tlu' grain 
that are more important. He concluded that “ the living protoplasm as 
such behaves towards acids and alkalis in a manner suflicdently like', that 
of gelatine to warrant the view that imbibition is a factor in growth.' 
Osmotic factors ant probably important in those six'cies of pollen whicli 
do not germinate over a wi<le concent r:it ion of nn'dium, as, for example, 
in the Graminae. 

Duration of stigma rccrptintu 

Horticulturists and inv<‘stigalors Inna' geneially assuna’d that a stigma 
is receptive from about the time the flower ojx'tis until the petals fail. 
.-Vs far as could l>e dctermineil, then* is no i‘xp('rimental evidence tor thh. 
Dorsey fl919) finds that in the nativt* sp-i'cies of jdum, thi' stigma, under 
normal conditions, remains receptive for about a wci'k, but begins to turn 
brown after from three to five days. 4'he styles lu'gm to aliscisc about 
two wc-eks after blooming, but llu* absiission layer becomes vi'iy dislimt 
in .some varieties after eight days. Dorsey believes it doubtful wlicthcr 
the pollen tube is able to pa.ss this .abscission layer, for if jiollinatioii 
occurs late in the receptive period, only favorable growing conditions 
will allow the tube to pass the absci.ssion layer before the st,\lc (Imps 
.(Vs the [X'tals fall from three to four days after blooming, it would "Ot" 
that the duration of stigma recejitivity is longer than that of tb< l'!"Oin- 
Undoubtedly, however, little pollination occurs after the jk I if'' 
fallen, for Im'cs sr-ldom visit such flowers. j. 

Anthony and Harlan (1920) worked on the pr'riod of recepi ' 
barley stigmas. In thes<’ investigation.s, flowers were pollimU' l lU 
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(l^y fur sfx (lays. Tho ijf'iTriitago of fortilizatior.s increased for two days, 
l)Ut fidiii I Ids time tliere was a jiradual decrease until, on the si.xth day, 
BO pollinations brought about fertilization. 


PoUen lonfji rill/ 


A considerable number of observatioi's have been made Iw various 
workers on the life duration of ])ol)en. llowc-ver. as far a.s can be found, 
few carefully controlled expcTinients b.ave yc't b('en conducted. 

The earliest reference to |)olleii longc vily is in regard to date pollen. 
Kiinilifer (1712) states that, if kept in a dark place, it i.s capable of fertili- 
zatidii the following year. Swingh' (1001) writes that the .Arabs make 
a practice of con.sc'rving. for use in tbc following year, a few bunches of 
Ftaniiiuite flowers, which are i)Ut in tight iiajier bags and kept in a dry, 
cool place. Pastin (lOlO) as.serts that there i.s a tradition that date 
pdllcn will remain viable for fifteen years or even longer. 

C.lcditsch (,1751) and Koelreuti r i 1707) state that the pollen of Cluimac- 
roji.-i huniHis will live for sevi'ral weeks. 'I'lu' conditions under which the 
pollen should be stored .arc' not st.atcd. howev('r. 

(iLirtner (1S41) was succc'ssful in shipping the jxillen of cycads. palms, 
and orchids. The longevity of many spccii's varied from one to nine 
(lays, (lartner found no relation betweiai lon.gt'vity of pollen and length 
of receptivity peiiod of stigma. 

.\ccording to Alangin ( IXSti), the duration of life' of the ])ollen of twenty 
(littercnt .speci(’s of plants vaiic(l with the species; and among these the 
pollen of ().r<ili.i (irriosi 11(1 lived for only oiu' day. whili' that of Piccn 
(■(('lisd lived for (‘ighty davs. and tliat of Aiitiri'liiiHUiii Diojiiii for forty- 
tlucc days. 'I’he eondi(ions of storagf' were not s): ted. 

^aiidstcn (1!)1()) found that th(‘ vitality of iiolli'n was little affected 


ly teiiipcratun's ranging from 2.5° to t . in a dry atmosphere. -A 
^atuialcd atmosiihere was injuriou.s. .\ppl(' pollen was still alive aftei 
six iiKiiiths storage in a dry placi* at a (('inpiaature of from 8 to 2t) t ■ 
Alolisch (1S<);}) stored dilTcreiil .species of pollen in watch glas.ses at 
fdoin icinpeiature and humidity. Longevity of pollim varied from trio 
SIX Weeks, de])ending on the s|ie<i<'s. 

'’i'""!' (MHO) has done extensive work on the effect of moisture on 
'ong,>vi(y. Pollen from one Imndivd and forty specii's of plants 
"‘i.s sulijeete-d to difTorent percentages of moistim' at a tianpeiatiuc 
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ranging from 17° to 21° C., in darkness. Altho there were some exeoptions 
the duration of hfe was longest at 30 per cent humidity or in a perfectly 
dry atmosphere. Some of his data are given in table 1 : 

TABLE 1. .Some of the Rejjui.ts of Pfovot's iNaT-snoATiovs of the Effect of 

TCRE ON Poi.I.EN LoNOEVITI' 


Species 

Per cent of moisture 

1 

( Ivcr 

1 

j 90 

(■>0 

;io 

Aesculuji hippiica-^tanum 

‘ (lavs 

17 (laj s 

72 dav.-i 

72 <h^.. 

Alisma ptantagn 

1 

1 

1 

1 

Alnus gliilinosa 

32 

to 

.■)0 

.73 

.tcipc/o/xi.s- qninquejolia . 

t’l 

11 

2.3 

19 

Aqnilegia vulijani 

.*) 

It 

.3-1 

92 

Clemalin inte'jrifoha 

it 

2t 

.30 

103 

Cornus mas . . 

.31 

.79 

■t 

.79 

Ciyrytu.^ Avellaiia 




9.7 

Digitah.-( purpurea 

9 

13 

■13 

172 

Hippurts rulgan-i 

1 5 

5 

3-.5 

2 

Irnpatiens Suifarii 

■ 13 

' 3 

2*1 


Lilium hulhifirum .. 

’ ,s 

31 

1 12 

192 

.\f. IJi'tue al'^'Ui . .. 

It 

M 

90 i 

/•) 

ifrrcunaH'- prre/iui-i 

1 S- 10 

■29 

.>s 

72 

Ofn’tthfira ^npntiis 

1 •) , 

' 0 

s 

t; 

Pandamns f)irialns 

11 

30 

92 

92 

Paparrr hjl’ridum 

3.3 

17 

■19 

19 

['\HUJ muntaha 

1 . 



272 

Pinn.i fifUe^tru ... 




279 

PgruJ> tnalun 

1 



70 

Plantago media 

3 

12 

.70 

r.s 

Poa rirmj/rp-^^a 

1 

1 

1 

1 

Piitfnhlln tirqehtea 

' •> 

5 

21 

II 

Prutinx rf^raAH.i acida 




M 

Prunus pa^lus 

11 

2‘> 

ISl 

lsl 

Salii allia. . 

( 



.)< 

lialir fp-atilin . 

12 

l.s 

3S 

.)2 

Set'dlf rerpfi^p 

1 2 lioiirn 

12 himrs 

1 2 hnUT'^ 

1 2 lii'Ur'5 

Solannm dnlrnmara 

7 ilfiys 

I 9 (l.av.s 

11 (hiv- 

II 

Tradp-^ranba Virq^nirn 

2 

.'! 

31 

lit 

Tulipa (ie^jifn'mna 

•2.3 

13 

103 1 


f lmuA ramjypMlrix 

r> 

9 



Vihiirrium opuh-i . . 





Vina faiia ... 





Viola odorata 

19 

2H j 

217 


— _ 

_ 1 


.rr 



f'raiulall 11913), storing [K)lh'n in covered jx*tri di.slies. IcmihI 
apple pollen one month old wouhl not germinate, but that virii i 
day.s old it was still capable of fertilization. Strawlx'rry ' * *" 
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hundred and scventy-sovon hours old, fertilized successfully, and sweet- 
pea pollen fertilized after twenty-three daj's. 

Kcllcrman (1915) shipped ('itrus pollen from Florida to Japan using 
four methods of storage: (1) in cork-stoppered vials, (2) in cottomstop- 
pered vials, (3) anthers in glass tul.es exhausted to 10 millimeters pressure 
and I n antlicrs m dried glass tul.es exhausted t<. 0.5 millimeter pressure 
During shipment, which coveivd a p<aiod of from four to six weeks the 
pnll(.n was kept at a temiierature as near KP as jx.ssil.le. Both the third 
and fourth nudhods were succes.sful. l.ur the fourth was the more so. 

.Vndroncscu (1915) worked on the longevitv of corn pollen Corn 
pollen kept in a dry oven, at 42° f'., was killed in twenty minutes, while 
in a saturated atmosphere, under the same conilitinns, there was 32 per 
cent of gcrmmati(.n. Pollmi exiK.sed in the laboratory died in two hours; 
uncovered, out of doors, it liv(>d for four hours; in (i0-per-c('nt moisture, 
for six hours; in 9()-i)cr-cent im.isture, for forty-eight hours Pollen in 
soak'd tubes lived for twenty-four hours. 

-Met'luer ( 1S92), also wc.rking with com pollen, found that if kept dry 
it retained its vitality f(.r several days. 

lloemer (191,)) stored pollen lx.th in ca.tton-stopjiered test tubes and 
ill gelatine cai.sules. He c<.nchided that ]x)!len remained viable longest 
uriiler low lenpierature (5°-l()° C.) and low moi,sture conditions. 

I'Lugawa (1911), using specie's e.f l.ycoris. Torenia. and Narcissus, 
und Simon (1911), using pum])kin. also found that ihe pollen livctl longest 
111 a (by atmosplu're. d he pumpkin pollen live'd for five' weeks in a sealed 
)>'S>cl containing anhydrous calcium chloride'. .Velams (191G) found that, 
in a dry condition, apple pe.llen ke'|)t for three months; pear pollen, for 
ten wee'ks. Strawbe'rry, leiganlH'irv. anel rasplie.ry pollen were elead 
‘dter two months anel l.lack-e'urrant jx.llen was ek'ael after eleven weeks. 

Ih.rsford (191S) pre.serxe-el jxille'ii e*! Liliuni auratidn until the following 
spiing by wrapping it in .seve-ral slu'e'Is of jiaraflin paper and storing it 
111 a uarin, elry plae'e. It rapielly h.st its vitality on exposure to air. 

-bitliony anel Ileirlan (1920) worke'el with bark'v ix.lle'n. They used 
’ll I artifieial inethoels e)f germinatie.n, anel germination directly on the 
a.s te'sts of viabilit.v. Pollen twenty-four lu.urs olel produceel a 
k'iall\ ek'e-rease'd ix'rcenteige eif fe’rtilizatiein, while pe.lleu fe.rtv-eught hours 
^’1 \..is incapable of efTee'ting fertilization. Pe.llen stored unelcr conditions 
H i M'tareieel cvapeiration remaine'el viable for tlie longest time. 
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It is evident, from a study of these experiments, that the pollen of most 
species remains viable longest under conditions of low temixauturp 
Altho there are few available data, the indications are that the opiimum 
moisture conditions vaiy^ with the species. 

In all of the experiments m('ntioiie<l in the foregoing paragraplis, arti- 
ficial germination, except as otherwise noted, was the only test of viability 
used in the investigations. As will be shown by the author’s expi-riinents 
this is not always a proof of ability to bring about fertilization. 

Posstltlc aiuscft of death of pollen 

.\s far as the writer has learned. .Vndronescu (lOl.o) is the only investi- 
gtitor who has advanced a theory to explain the' ciiusc' of detitli of pollen. 
He fouinl that corn fxillen stored out of doors lost IS [xm’ cent of its inoistun' 
in two hours and o2 jx'r cent in twenty-four liours. Since' he fouml also 
that itollen lived longer at highc'r humidities, h(' concluded that death is 
the result of desiccation. Pfundt (1910), liowever, (h'terinined that the 
range of moisture required is wide, deix-nding on tlu; siX’cies: some live 
longer at low, others at high humiditii's. It is not possible to coneliide, 
therefore, that desiccation is always the causi' of di'ath. 

Investigators generally agre<' that th(' duration of life is loiigi'r at faiily 
low tenijx-ratures. d'his is to be exix'cteil, as physiological activities are 
slower. 

.\ltho pollen and .seeds dilTer morjihologically :is well as in fund ion, 
it was thought that the caus<‘ of <le,ath in each might Ix' similar. .V biief 
dis(ai>sion of the causes of death in s<’('ds is, therefore, desirable. 

.\cton fl<S9;{j found that thirty-jears-old whi-at which had lost its aernii- 
nati\'f‘ |Kjwer, contaiia d about the .same amount of stored food but le.'s 
water than did mav grains, ami that its amyla.s<‘ ami |)rot('olyt ie ea/\nies 
had also been destroyecl. On the contrary, I}rocq-Hous.s(‘U ami dam 
(1909) .statf! that amyla.s<' and oxida.S' were pre.s<‘nt in wheal aiain'' 
ranging fr«>rn twenty-five tf> eighty years old. White (1!K)9) stall > Omt 
amyla.se was prewnt in fairly large <iuantilies in old see<l of wheal. b,iili>. 
oats, rye, and eoni. d'he age of the ser-ds tested ranged from i"" 
twenty-one years. The addition of arnyla.s*; did not cause de.el -i " ^ 
to genninate. 

f,'ro(rker and Harrington (1918) and their coworkers found 
sotne weds, eatala.s<; activity is correlated with physiological aclo' ' 
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(liHTCuscp with afio, Crockor and firovos Cini,')) advanco a theory that 
the kips of viability of seeds in storage is due to a slow eoasailation of the 
proteins in the plasma of the endirvo. They applied Buglia's tlQOQ) 
time-temperature formula for protein coapilation and found it applicable 
for a temperature-life-duration formula for seeds. This formula is 

T = la-I>) lofr Z 

in whieh T represents the temperature and Z the time of heatinp;, and ti 
ainl h are eon.stants. Several factors, sucli as the increase in acidity of 
the seed, the redispersal of proteins in .s<'ed.s of liifjh water content, anri 
varitdulity in the water content, may limit the fnaieral application of this 
fnnimla. .V slight error in <i and h pives a relatively huRc error for a life 
duration at low tein['K‘rat tires. 

There are no records of attemiils to (hUtantine whether the death cf 
pollen is due to ary of tlieso causes, that is, eNhiiustion of stored food, 
destruction of enzymes, or coagulation of proieins. 

EX PEKI M E N r 1 . W ( ) li K 

ptuiti of j)oUcn 

Prillni of .vwpdragon (Antirrhiinun i/at/t/.s L. i 
The pollen of snapditumn is produced \eiy abundantly. It is yellow 
i.n cdlor and is covt'i'cd with a <ruminy sulKitmce wliich causes the grains 
fo adhere to one aiiotlier. .\s this sticky polltTi cannot be wiiul-earriod. 
(Toss-pollination is etfected by bees and other inst'cts. The pollen is 
rat her below tin' averttgc' in sizt'; is ovtil in shapi'. when dry, but when 
hirsid, in a sugar solution, i.s nearly spherical. Dry jndh'U measures 
2ti..')|ii in length, aiul lo.dit in widtii: whei' turgid, the average diameter 
>^21 m, Ihdsti'd thS.S!)) ha.; noted a similar eliange in shape with other 
t^pei'ics ot pollen. When dry. tin' position of the genu janes is marked 
hy tlii'i'e long folds in tin' wall, d'lic.se folds are liss distinct when the 
rell hecoiiK's turgid. 

TikiKm's of fresh pollen show tlnil cam' sugar is tin' reserve earbohj- 
*l''itc. th(' amount pri'scut, e.xjire.ssi'd in ja'i'ceniage of fresh substaiiee. 
v:ii\ii|i, IP p,,j. (.,.]!(_ Small amounts of reducing sugars arc 

luesent, hut no slareli was deteeled. 

(iili.r inve.sligators have made cliemleal analyses of pollen. \an 
Virgin 111 (isyij) observed tliat some sjH'cies ot jiollen store cane .sugai. 
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Von Planta (ISSo) found 14 por cent of onno sup:nr in Corylus pollen and 
11 per cent in Finns pollen. iMangin (ISSG) noted that Retula and eertain 
('oniforao pollens have reserve starch, whih' others (Narcissus) have 
stored sajjar oe.ly. Green (1S94) stated that many species of pollen 
contain starch, glucose, maltose, and cane sugar. In the immatiire jioHen 
grains of wheat. Eckerson (1917) at first found glucose, and later, stareh 
appeared. Martin ami Yocum (1918) state that, at pollination time, 
apple pollen contains proteins and small amounts of sugar. .Vccordiiig 
to Green ( 1S94) and others, these organii- n-serves are broken down by 
appropriate enzymes during the germination of thi' pollen, 

Detenninations show a surprisingly small watc'r content, oidy 10 to 20 
per cent being present. The amount varies under clilTerent conditions 
and in different seasons. 

Pollri) nf corn (Zr(t .l/o'/.s L.) 

Corn jiollen i.s produced in large quantities. This fact was one of the 
rea.sons for its si'k'ction a.s a material for testing in the.si' expeiinieiits. 
Under favorable condition.s, in the early morning, it was very cay tn 
colk'ct from 2o to 41) grams of frollen in a eoridield. 'I'liis allowed allal,^.s■s 
to lie ma<le, which could not have lierai done with thi' more seamy liollrii 
of other s[X}cies. Corn pollen seems very dry, does not ailliere. and is 
consef(uently wind-borne. 

Tre.'li corn isdien is <n-al to round in .shape, alt ho elongated graii s arc 
often noticed. Gn e\'|Krsure, they Ix'come shnndo ti. ( 'orn [tolleii is laiger 
th:in .\ntirrbinum, mea.suring lOOg by 12()ti. \\ ben the microM'ii|ie i' 

proiX'ilv focused, circular genii [xirms, one to thri'c in number, can I'C 
.seen. These jiores re.semble bordiued pits of wood ti.ssue. 

ITdike .Vntirrhinum iKtllen, starch i.s the .storage carbohydrate ef rein 
pollen, whole [xdlcn grains often staining a di-ep blue in iodine -nhiiieii. 
(tther gniins ilid not stain so deeply, indicating that they conlaiiad li 
.sttirch. ( liemical .'intilyses showial alMiiit It) to b) per ccni M. idi. 
expre^v'cd in iK i'ccntage of fresh siibst.'ince. I he tabli* gi veii by \ ndi "in . oi 
(191.7) shtjws .49 |K-r emit of total carlKihydrates. No starch .n l.'s. 
were made by him. ^ ^ ^ 

.\.ltho coni fxdlen is wind-l>orne ami .seemingly dry, the moistnn < " ' 
i.s very high. I )etermm;itions mtnie by the writer showed that i ^ 
from off to i)~> [XT cent, dejx'tiding on the amount of moisture r " 
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the in:iturity of the tassel, and the amount of water available to the plant. 
In illustration of this, pollen freshly gathered in the field showed 52 per 
cent of water, while pollen gathered in the laboratory, from tassels standing 
in a jar of water, contained 63 per cent of moisture. Andronescu (1915) 
slates that corn pollen has an average moisture content of about 57 per 
cent. -Vs will be shown later, it loses moisture rapidly on exposure to 
conditions of low humidity. 

Method of pollen germination 

In all artificial germinations the following method was used: A small 
quantity of pollen was placed in a drop of sugar solution or sugsr-agar 
solution, on a cover gla.ss. d'he covi'r glass was then inverted over a Van 
Ticghcm cell which contained several drops of tlu' same solution. Vaseline 
was placed aroiu.d the edges of the cell to secure the cover glass and to 
prevent evanoration 

Germination of Antirrhinum pollen 

.Vntirrhii'.um jKillen gcrminatc'd wc'll in a cane-sugar solution, very high 
percentages (.f g('rminatif)n resulting, 'riu're was no very great sensitive- 
ness as to concentration. -Vt oik' time the highest peicentagc of germi- 
nation would result at oik' concentration, at otlu'r times, at another. In 
gci'.cral, tlie l)est germination wn- obtained in a 15- to 2.V-]')er-ccnt cane- 
sugar soluti(jn. d here was a small jH'iventage of germination in water, 
dlie range ef concentration at which germination t>ccurred is shown in 
tal.le 2. In other experiments a higher percentage of germination, e\en 
as l.i;h as f-t) to 9t) |k r cent, was obtained. 

TAIil-E 2. Cehmin.^tion of .tNTiiuunNCM Poli-en 

( nil ■ -iimir 1 per crnl i 
t'triiiniaiHin (p,T (vnl ) 

the germ-tube growth iirogre.s.s(Hl, a thickening of the tube wall 
ociiure,! at several ixiints back of the growing tip.. Tlicse areas increa-sed 
'I'l' kne.ss until finally the whole IuIh- was plugged with eallose. 1 hese 
calli M' plugs can Ix' seen in unstained slides, init a short immcision in 
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a weak anilinc-bluc solution brings them out more clearly. In pollen tubes 
of apple, the plugs are more munerous than in xVntirrhinuin. 

The germination of Antirrhituini {xillen was greatly slimulated by the 
adilition of a minute amount of the cnishecl stigma of Aiitinhinmn 
Pollen in a sugar solution showed germ tubes apix'aring after one aiid 
one-half hours. The addition of a piece of the stigma to the saiiio 
concentration of sugar so stimulated germinatioji that within or.o 
hour the germ tubes wen* from one to four times the diameter of 
the grains in length. Markcal claanotroirism also rc'sulted. tlu' gain 
tubes growing toward, and evim |X'net rating, the stigma tissue. Xo 
effect was obtained by the .addition of either geranium or petunia, 
stigmas, however. 

Even pollen from anthers that had not dehisced was germinateil, 
Pollen from anthers which wouhl havi‘ dehiscial three days later showed 
no germination after two hours, in contrast to mature isdlmi, which 
showed a 60-[X'r-c('nt germinati(»n. .Vftcr twimty hours, tlu' immature 
pollen showed a O.'j-ix'r-cent germination, whih' tlu' mature pollen gave an 
S.i-jxT-cent germination. 'I'lie germ tubes of the mature pollen were 
longer. \ small ixu'centage of germination was obtaineil with mere 
immature ixillon, but it was very slow and wt'ak. \'my immature grains, 
Ixdow nonnal in size, see metl to grow larger whmi placed in a nutriinf 
Sfjlution, but tu) geruiination to<.k place. It is apparent, then, tliat pollen 
matures several dajs Ix-fore the anthers dehi.see. 

Optimum tempf-ratures for ,\ntin'hinum-p<dlen germination were deter- 
mined. 'I'he ixrllen was taken from thi“ same anther. 'I'he ri'sults, given 
in table d, are the- averages of sLx culture.s for each temixu-atur'', the midia 
Ix-ing cane-sugar solutions: 

T.MtI.K .3. .V.VTIRHHIVeM CiKIlMINATIOS AT DlFFUKKVT Tf.MPKH \ O la.-l 

Temperature 'reutiKra'Ji 
(termination ' fvr ii ut j 

Under the comlitions of the eX|X'riment, it may Ite conelnded n it tin 
optimum temjx.Tature for the gennination of Antirrliinum p ' 'i 
alxjut 25'’ C. 


21' 2(.' I 2' I 

:ii\ i .V) I 

i I 
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ficn/ii nil lion of com pollen 

(In at (lifTicuIty was oxporicncod in t ho first attempts to germinate corn 
pollen. There was no germinafioii in water, altho Jost (1905) claims 
to have succeeded in obtaining it. Various kinds and concentrations 
of .'■ugar were tried unsucce,s.sfully. Pieces of stigma and decoctions of 
sdginas had no effect. Occasionally, several grains developed short germ 
tubes, but there was no general gm-mination. 

Later experiments were more succes.^ful. .V 20-per-cpnt germination 
was obtained in lO-iier-eent cane sug.ar plus O.T-jier-cent agar, as rccom- 
iiiciided by .VndroiH'siai (191.5). Rv varying the concentration, even 
better germination resulted, a.s is shown in table 4: 

TAHI.I' I. ( I MIMIN' \Ti()S’ OF Cohn Poi.i.e.n 


.Medanii 

ricrmination 


f'ane ^.laar 

1 


/^ / f ( tit 

P,r a i.l 

1 !) 

1.') 0 

*t) 

(1 7 

l.l 0 

(12 

1) 7 

1?0 0 

IS 

0 7, 

17 5 

30 

0 .5 

l.l 0 

i 

1 

(iermination is so rapid that aft<‘r twoortliri'c minutes the protrusion 

ef the tubes 

Ih' ()I>s(‘r\'('<l. 1 lu' ('lonpuioii ^\^is r'louor. 

Ih'Dtopla.smie 

streaming was pl.dniy visible in 

the germ tubes, -kfter 

twri;t\ -four h 

ours, the germ tubes ranged m leiigdi Ironi one to sc\en 


(inns the diameter of the grains. 

(ii)od giTiniiiat ion was not obtained consistently. .Vt times, the le.sults 
fiiiin .1 certain concentration of solution were cxcellmit ; again, the same 
^(reiiadi of solution failed to induce germination. .Vjiparently thi' uatei 
inlaiioiis were very delicati' and the conci'iitratioii had to be exacih 
enn, 1 1 licfon; germination could take place. This is a common difficult} 
"■i'll die [M.lleu of Ciraminae, accoiding to other investigators (.Vnthony 
'""1 Ihulan, 1920). Martin (,1!)13) found this to bo true also of the 
P"h u of Tnfolilun prakuifc. 
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As the water content of corn pollen is hish, it is probable that osmotic 
pressure plays an important part, both in the swelling of the frrain and 
in its subsequent growth. This itlea is strengtheneil 1)3'^ the fact (hat a 
definite eoncentratioi\ of sugar is neeessiiry, an}' departure from which 
results in failure to germinate or in abnormal gi'rniination. It is ditlicult 
to undei-stand wlyv a definite nuicentration woulil be nee('s.saiy if colloidal 
imbibition pla3ed lh(‘ main idle. On the otlu-r hand, the water content 
of Antirrhinum jiollen is low and the pollen germinates in almost an\ 
concentration of sugar. Imliibition is probabl}' more important here 
than is osmosis. 

Results were so variable that it was thought best not to use artificial 
germination as a test of viabilit}' in thi' exiieriments on longevity of com 
pollen. Onl}' fiatilization tests wen' emploved, therefore. 

.\pple (Pyrit-^ rnnliis L. ) pollen resembles .Vntirrhimim pollen in that 
it is east' to germinate aitd is not seiisitive as to the concentration of sugar 
solution, as is indicated in talde 


T.VPiI.r ('U.intiv vTiov oK .ti’i'L!; Poi.lev i2.'d T.) 




T.cngfh 

Sugar M *IiUiori 

( iiTiiiiiuitiim ' 

t)f 


i 

tlllx- • 


i'l r <•! ht 


2 .5 

1 

j short 

0 

2 

Short lorn; 

7 0 

S 

Sliort mi ilium 

10 0 

12 

Sliort ni»'ldE!i 

12 0 

!.■> 

’^horl iorttr 

l.> 0 

;,!) 

Short loi'h' 

17 0 

!0 

h'lort lull'-' 

20 0 

20 

r''i(irt inrilium 

2*J 0 . 

7 1 

.■ hurt 

2.3 0 

.30 

,rt III' 'lldlll 

2H 0 

;:o 

1 Short 

.30 0 


j Short liiiiU 


n 1 njctli nf ^rorn I t#» ;i Irnsffh of frn’u > < 

grain ari'J Jorig. n of lO to grain <hainrfrr-». 



.\ltho Knight (lOlH) found that the addition of pieces of tin ,-iiirnra 
to the medium exerterl no favorable aetiori, the ntdlior thus ] "'i ^ 

.stimulation re|x-atedlv, and even ehernotropi.sm. It wms not as po'. 
a.s with Aiitirrhinurn jiollen, however. 
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Duration of receptivity of the Migmas of Antirrhinum 
III any pollination oxporiniont, data concorning the duration of stigma 
roci'iitivity are important. Few investigators of pollination problems 
study tliis pha.s(' of thi' work, however. As has been mentioned, Dorsey 
(101'.)) determined this period for the plum, and Anthony and Harlan 
(l!)21)j for barley. 

In Older to find out the length of time stigmas of Antirrhinum remain 
receptive, th(' following expiaiment was eondueted. A large number 
of flowers were ('inaseulatial prior to tlu' tinu' tlu' pedals unfolded, and 
pollinations with fre.sli jxillen were made at intervals up to .several weeks 
after the oiieiiing period of the flowers. Results of this experiment are 
given in table 6: 


T.VHLK 6. DeuATioN- ok Ur.rEPTiviTY of .Vnurrhinum Stigmas 


I )av after ('ou'er-< 


Xuinlipr 

puUinateil 


Xuinbtr 

fertilized 


X umber 
not 

fertilized 


Same day 
,jtli 
tilh, 

Stil. 

10th. 

Hill 

lotli 

iMli 

2I.S. 

VA. 

2:,ih, 


11 9 2 

Iv I) 0 

li ti 0 

s s 0 

11 10 1 

r I i 6 

' 2 

1 0 ' 4 

11 2 ; 9 

:> 0 I 5 

0 j *> 


Two wi-eks after pollination, etipsules were pro.lueed. but these were 
saudler luul contained a smtdler nund>er of seeds. 1 he pistils of emas- 
'■'ilated flowers, if the pollen was withhedd for any length tif time, p'ew 
t" an abnormal .size. After from fifteen to eighteen days, the pistils 
iii't’aii to wither. . . . 

1 1 lest' results show tlnit after fen dtiys the percentage of fiitilizaiion 
dccic.ist'd, altho sevt'ral fi'rtilizations took jilace on fioueis tin t'o wet 

1 lie duration of rt'ceptivity of eorn stigmas was not dt'teimimd. t is 
geiicially undt'istood by plant breetlers. liowt'vt'i. that coin can o po 
iia(( ,l .successfully until the silks In-gin to wither. 
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Storage expert in'tli Aiitirrhimun pollen 
hijluencc of temperature 

The investigation of pollen stt)rage, in 191"). eonsistc'd onlv of a study 
of the effect of ditterent teiniwratures on pollen longt'vity. lioih the 
genninative power on artificial nu'dia ami tlu' aliility to actually 

T.VHI.r 7. AnTIUI!1IINI M r<II.I.K.S- STUItKl) .\I- (O’C. lUl.j 



Arc 

1 poilinatotl 

1 ili:viUjp<'<l 

Cin -af i-^t 

^jTintnii- 

tioil 

fon- | 
ration ■ 
in which 
mavinuini 
gorrnina- 
ti >n 

nsultcii 

j AviTai^p 

Icni^t h of 
pollen tubi's 

1) 

'f 

/-(J l< 

.V a H4 h, r 

1 

utnr^r 

1 

r 1 1 ut 

U) 

M) 1 

i J*f r t* rit ! 

: '•> 

21) 




2 

(1 

1 

;t() 

short 

10 



1 

•'>' i 

2.'> 

Short 

It 



1) 

17 

;>() 

Short 

21 



0 

Cl.') 

20 

Short -innliiiiM 



• 

1 

iJ) 

2.') 

Slinrt modiuiii 

4J 



<) 

• iO 

' 20 

Short 



[ Alil.i; AMiititnr- 

:: 'f I’oi.i.KV 

>ruUK£> \T f’. 101.') 





Sugar foil- 1 






ei'iil rat loll 



! I lowers 
i [joilirtaf'-'l 


firf.afcsf 

in uhn h ; 


Akp 


gen iina* ' 
t.on 1 

inaxiniuni 

gerriiMia- 

li’imi h of 

Iiolli 11 I'll'l -1 




i 

i 

(mui 

ri-'iiltcii 


l.a , 

A nrr.h^r 

A r 

/% r t f t f 

/'l r r f p/ 


• » 

r> 

A 

ti 

• » 

•1 

1 

L'A 

S'liirl III! o 'l'ii 

10 

•f 

0 

1 

L'A 

.'hori 

1 1 


( 

0 1 



21 

’} 

0 

0 



2.S . 

■t 

0 

i 

i 

i 



I 
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TABLK 9. A.VTiiuiiiiNfM Pollen- Stoked at 21’ C. 1915 


Age 

i'loWfTS 

pollinated 

Seosl 

I'ap'ules 

(levelopod 

CJrpat<‘vt 

Keriiiiiia- 

tiou 

Sugar con- 
centration 
in which 
inaxinmm 
germina- 
tion 

resulted 

Average 
length of 
pollen tubes 

Divj^ 

\ um),( r 

Xunil/rr 

Pi r cr/it 

Per cent 



t 

i 

.3 

1 

1 


10 

Short-long 


1 

9 

i;i 

15 

Short-medium 


1 

s 

20 

Short-medium 


■i 

2 

0 

15 

Short 


1 

1 

I 

(1 

•■>- 
- i 

25 

Short 


'i'AIlI.E 10. M Polih.N Sroi;,;-) \t O' ('. 191,5 


Afie 


/Inyts 


111 

n 

:'i 

12 

.ss 


I 

I 


I (. 11 , 1 . i 

! I l•^■ntr:ltloIl j 

I'liiwcr-' ■ i whifh i 

p l!i.LU.'.l ' ‘■■•‘I';"'--' ! P'nnin:.- ; tn.Txin.oiu i 
(!f\ iTopcil , I mil p rrnmii- j 

I I ' 1 1 m j 

I ; n-'Ultfd 


A" ufiiht r 

.Xut’.'ur 

Pi r re ' ! 

1\ : Ci<t 

" 

A 

9 

15 

t 

I 

10 

25 

\ 

1 

“•> 

20 

d 

o 



\) 

•> 

5' i 

•20 


• ) 

12 

25 

\ 


0 



Average 
lenirth of 
pollen tubes 


Sliort-medium 

Medmiu-long 

5Iediuni-long 

Short-lcng 

Short 


'I' ll' used ;is tests of viol lilitv. Since coiici'iil lotioiis hi which maximum 
W'ltninalion took place voided on successive dovs and with different 
^'Oiiplcs of ])()Il(>,i, six conci'iil rations of cane sutior were usctl for each 
‘ Slides were ('xoinincd after twenty-four hours. Pollen was stored 
*" 'iiiall stopp(>red Lotties, out' for each wit lidrowal. 
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TABLE 11. Antirrhinum Pollen Stored at -1S° to -30° C. 1015 


Age 

Flowers 

pollinated 

Seed 

capsules 

developed 

Greatest 

germina- 

tion 

.Sugar con- 
centration 
in which 
maximum 
germina- 
tion 

resulted 

Average 
length of 
pollen tubes 

Dnya 

3 ! 

\ umber 

3 

X umber 
•> 

Per cent 
20 

Per cent 
.30 

1 

! 

Short 

5 

t .S 

2 

47 

20 

■ Short -Ion? 

10 1 

10 

0 

.50 

10 

.■'hurt -long 

14 

I) 

t 

.3.5 

2.5 

Long 

21 

♦) 

0 

12 

2.5 

Short -medium 

2S 

3 

0 

.30 

1 i 

Short-long 

42 

3 

1 

20 

20 

Short -imsimm 

s,s 



20 

.30 



TABLE 12. .\NTiKitnisT « Pollen .■^toukd .\t -IS’ to -.30° C. 1017 


\g(; 

i 

1 

Flowers 
, pollinatetl 

1 j 

1 

FIoWl Tfi 
fertilized 

Germina- 

tion 

.V vcragc 
length of 
pollen tuhe-i 

ha !■< 

A' II m ber 

II nibi r 

/Vr et nl 


t 

tl 

0 

.30 

Long 

2S '■ 

s 

.’) 

.50 

Short long 

12 

10 

10 

00 

Mt'diiini long 

77 1 

' o 

O 

OO 

.Medium long 

lft5 

0 

4 

.50 

Short li'ii'i: 

1.33 

o 

1 

.50 

,-hort long 

101 1 

5 

.3 

.50 

Short -loMii 

ISO i 


! 

1.5 

Short-niedniin 

217 



1 

Short 





_ 


In ihf 1017 f.\[)<-rimf'iit , pollen wa.s siill nipuhln of fi’il ilizinL’ 
.slorauf for 161 (lays at — IH'’ (’, to —30'' No other teinpi i.itinr 

ex[xrinient.s were jx-rfonned that year. 

Thew reHult.s show an inerea-siiin longevity a.s the h'nijx'ratiire a( 
pollun wa.s storoil lieereascil. At. ■lO” C.'., only throe fertilization.s ! ' 'ilicd 
and artifieial gerniination.s .showed a weak pollen-tiilx' growth. A' 'I 
there were more fertilizatiori.s, hut germination was [Xiorer s' "f.ip 
conditions were more favorahle at^P ('. At this temix-rature, ih 
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was still capable of fertilization after one month. Germination grew pro- 
gressively weaker with increasing age. At 0° C., pollen remained viable 
for six weeks. Germination was l)etter and pollen tubes grew longer 
than when stored at other temperatures. The pollen had not lost its 
gprminative power after three months at -17° C. to -.30° C. It may 
be concluded, therefore, that the lower the storage temperature, the longer 
Antirrhinum pollen remains viable. 

These experiments also show that the optimum sugar concentration 
for artificial germination varies from 10 to 30 per cent. 

hiflucnce of carbon dioxide 

Since Kidd (1917) had found that high percentages of carbon dioxide 
in the atmosphere depres.'^ed the respiration of the seeds and therefore 
increased the ix'riod of longevity, sonx' pollen-storage experiments were 
made under these conditions in 1917. Sealed glass tubes containing 15 
per cent of carbon dioxide w('re used as n'ceptacles. 

The results, tho inconclusive, scemeil to slmw that .Antirrhinum pollen 
will remain viable longer in an atmosphere containing 15 per cent 
of carbon dioxide than in normal air. Similar conditions will result, 
however. wlKmcver polkm is stored in containers merely scaled, for, due 
to respiration, the carbon dioxide content of the inclosed atmosphere 
will increa.se. 

In 1917, some pollen was stored in pure carbon dioxide. Sealed glass 
tubes were again used as contaiix'rs. The results are given in table 13: 


T.VRLF. 1.3. Avtiuhhint m Poi.i.kn" iv Pcuf. C Minns' Dioxide .\t 

10 20’ C. 1017 




Pollinated 

j Ferttli/o<i j 

j Orrniina*ion j 

j AviTflgo length of pollen tubes 


Age j 


In 

1 

1 

In 

1 

In 

In air 

In carbon 



In air 

rarbon 

In ftir 

unrbon 
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Pollen remained viable for four months in an atmosphere cf carhon 
dioxide. In this atmos])here, the small amounts of res{)irat ieii that 
occurred must have' In'en anaerobic. Kidd (1917), bowever, has shown 
that carbon dioxide has a retardin<; elTcct on both aerobic and anaerobic 
respiration. 

Irllucncc of reduced pressure 

Kellerman (191.")) hnind tliat Citrus pollen remained viabh' loiiirer niidcr 
low atmospheric pn-ssures. Som<' ('xpc'rimeiits were nitule in l'.l]7 to 
determine whether this was true .also with .Vntiirbinum pollen. The 
pollen was ston'd in sealed ela.ss tube's, with the atmosplu'i'ic pi'esstire 
reduced to lUO millimeters. 
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I’nder normal tit mospherie pns.sure. iiollen n intiined vittble longer tlcm 
Uinler reilucf'il at meispheric pna-sun;. .Xnotber series, tit ^ •• 

similar tvsnlts. Dude tl!Mt:{) til.-o found 'his to bi' true Milh 'otiain 
kimls of .seed.s. He titlributeel the le.s.sening of longitvity to the injuiious 
prijilucts formed in ana<'robie n s|>irtit ion. 

1 )i d ururc of .‘itoruqr I n jiiirr ojipiru 

Storage in oxvgen wti.s .stuili<'d iti 1917, with results tis .^liouii 
talile !■'). Phe pollen Wtis store<i iti .si'tiled gla.s,s tube.s. 

Due to the tib.seiiee of the tiulfior during the wtif, no tests wen hi.h ' 
frorti th(! 19ti h dtiy to the twOth day. Altho there was weak g' m i 
after the long storage, it i.s signilicaiit that there were no ferlih 
Undoubtedly, resitiration wa.M more active; jicrhiiits, also, there 
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exhaustion of storod food. Rinoo nioro favorable results were obtained 
in iioi nial air than in pun' oxyjjien, it would appear that normal atmosphere 
is more favorable to the prolouffalion of viability. 


AN-TinniiiNeM Poli.ex .'^toi!\oe in- PirftE Oxygen Compared to .s^tor-ige 
IN Ant I lU -ltr C.i. 1017 
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From the rc.Nults of all ilicse storaiii' ex])erin:ents. it may bo con- 
eluded tied .\nt irrliir.uin pollen leni.-iins vial>l<' longest at low temperatuies. 
IMoisture eondil ions, |)ro\'ided they are not too hiyh. are not important. 
^I'liaai' under low atmospheric pre.'-^ures doi-s not yield good results. 
Folleii I’emains viable longer in normal atmos[)liere than in pure oxygen. 
1 here is some evideiiee that an atmosj)h('re of iHire carbon dioxiile or 
one eoiitaining large percentages ol it favors longi'vity. The results 
uhiaiiii’tl in 11)17 wen’ betti'r tlian in pn'vious years, a fact which may 
be due, in part, to (he seali’d glass tulies used as storage containers, but 
'diieh is more probably duc' to tlu’ greater virility of the pollen proiluced 
ill It)l7. The author wishes to empli;isi/(' (he tact, mentioiu'd In otuci 
iiivi -ligatons (Ki'llerman. IDld), tliat jKillen \-aries greatly, ^ilany data 
had to be di.scarded iK'caiisc of (liis uneontrollal'le tactor. 

I he writer ha.s demon. str; tied tliat .\.ntirrhi”’im pollen can be stored 
■' hingi'r tune than forty-three days, which w;rs the limit reported by 
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Mangin (1SS6). If the temperature remains low, Antirrhinum pollen 
should remain viable for five months or longer, tho the variability of 
pollen may necessitate a qualification of this statement. 

Possible catiscs*of deeth of Antirrhinum pollen 
Loss of moisture 

As .Vntirrhinum pollen has a low water content, it was Ix'lieved that 
moisture conditions wouUl not affect longevity to any gnait extent. I ndc- 
very humid comlitions, however, moisture collected on the pollen uinl 
contaminations by molds soon resulted. 

To detennine whether the Antirrhinum pollcm would lose nioisiuic 
rapid!}’, a small quantity of pollen was spread on a watch glass, wi iylud, 
and placed in the incubator at 2rP ('.. where th(' humidity ranged fnnu 
20 to 40 {)er cent. Weighings were made daily. At the end of .»evciuv 
days the weight wa.s practically the s;une as at the Ix'ginning. Slight 
fluctuations occurred during this period, as the humidit}’ wiiliin the 
chamlxer varied. Since litth' moisture l(>s.s occurre<l, this stunph' ef 
Antirrhinum pollen rnu.st have Im-cu in ecpiilibrium with the atino'plicie 
at this particular humidity. 4 he fact th;it the ixtilen had lost little 
water, altho exposed for .seventy dtiys to an iitmosphere huv in luiniidity, 
would indicate that moisture loss docs not condition tho duiation of 
viability. 

Respiration experiment 

Exhau.stion of the store<l carlx)hydrates suggested it.srdf as ;i ce'is' 
of death. Since the water cont<‘nt is low, m('talH)lic proci s.^c^, niiii 
particularly respiration, should lx> les.s active. To determine the uuih 
of thi-S, an attempt w'as ma<le to study respiration. S'veial method' "'iv 
tried, but none were succe.ssful Ix’eau.sj- the amount of c.arbon dicxide 
giv’cn off was so very' .small. Difficulties were ('iihariced by the iiccr,'- 
.sarily small amounts t)f material, 'I'he conclusion drawn from dies' 
attempts was that the respiration rate of Antirrhinum pollen 
low — probably comparable to that of .seeds having a low moist uo i mill nt- 

Depletion of cane sugar 

Altho respiration wemed a ru'gligible factor, it was deemed c 
to make carlxrhydrate analyses of fresh and stored j^rllen, in ' I" 
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clrtcrininc whether there was any diminution. Sachsse’s method was 
Pollen was stored at room temperature in sealed bottles. The 
results are given in table 16: 


TABLE IG. Carbohydrate .tvALY.sEs op .ANxrRRHiMUM Pollen 


Age 

Condition 

Percentage of fresh 
substance 



Reducing 

sugar 

Sucrose 

Dafp 

0 

Alive . 

Per cent 

0 40 

Per cent 

7 20 

11 ... 

.-\live . 

0 .5.5 

6 80 

210 

Dead 

.3 90 

1 20 

310 

Dead 

2 10 

0 32 


These result.s show a ix’rceptible decrea.se in the stored sugars as the 
.age of pollen inerea.ses, thi.s rescTve probably having been used in respira- 
tion. .\.s the dead pollen still contained a large amount of stored food, 
it is improbable tliat a lack of it had causeil the mortality. 

DcmvKc of ctrlain eTKi/rncH 

Si?ic(‘ cane sugar is the chi(>f storage carbohydrate, invertase would 
he one of the imixirtant enzyriK's present. Tests were therefore made 
of the .activity of inv('rtase as tlx* :igc of the jxtllcn increased. Weighed 
fin.intities (100 milligram.s) of .Antirrhinum polhai were placed in small 
I’ottlcs at room temjx'r.atures. At (he inttuvals given in table 17. 
invertase was extracted and a determination of its activity was made, 
fhc methoel used was similar to the <'ne recommi'iided by Green (1894). 
1 he pollen (l(K) milligram.s) was ground for several minutes in a mortar 
with a few drops of a .'>-jx-r-cent .sodium-chhiridc' solution. It was then 
diluted to 10 cubic centimeters and filtered. To 10 cubic centimeters 
of o-iMT-cent cane-sugar .solution was aehh'd 2 cubic centimeters of this 
exti.irt. Digestion continued for twenty-four hours at 30° C. The 
p'Milis ;ire given in table 17. 

I lies(‘ n'sults indicate a market! decrease in (he invertase content 
>0 di ad [xjien over that in live pollen. However, there is still some 
h'M Ma.se present. 
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TABLE 17. I.NVEKTASE .\CTIVITY OF AXTIKRHI.NUM P 0 LI.F..V 


.\ge of pollen 

' Invert 
, siijr-ir 

hinidiii,,,, 

of polletl 

/)<! 

^ If 

■ ~ 

0 

ISO 7 


;jii . . , 

lo.i e; 

Aim. 

270 .... 

7 / 

1 lea.l 

570 

1.) s 

Dead 


.Vn in tlio proixirtion <4 n-diiciin^ >UL!:;ir as (lie a^o of ilic p.illin 

itu rf'asr.s is .shown in table Hi. 4'liere arc' .sc'veral po.-^sihle c'xplaiiatinis 
of this. .V (Ic'erease in rc'spinil ion would tend to n'>nlt in a siirplii- nf 
n'ducincr 'Utrar, pro^•id('ll that inverta.-'C aeli\ity continuc'd at the s:ini(. 
rate'. In other words, this respiratory material would not he nseil :e 
rapidly as it wouM 1 m' formc'd. 'I'licae may also he- a readjustmeni m 
the ec'll protoplasm which would hriii!; more' of tin' etizymes in cinitiin 
with the' cane 'imar. .\.' met;d>olie acti\'ities proci-ed, this reorjianiziilicii 
may \'en' prohahly he takinn pl.icc'. 

This 'Uiruf'Sts the theory of ( 'roeker ainl ('iro\-c s ( Ihl.")) that the dcnili 
of 'Ceils is eall'od hy a coauulatioii of tlie protcai of the' prolopla'I. \ii 
attempt was inaiie tci a[)ply tin- teni|x'r:it ure-t ime-of-coamilat ion fomiiih 
to Ici'S of viahilitN- of .\nt irrhinum |xillc-n, ( 'oi.^i>tent results eonlil t ct 
he obtained, [crohahly iN-eau.se t!;e moi-ture content of the pollen ni'.ii'' 
varied. IIowe\cr. it wa> foiincl th;it Antirrhinum pollen can u iili-iainl 
liidh tenqxTat tires to a remark:dile deeree. 

d’he activits' of c;it;da.'e was very yrc at in fre.'h ,|X)IIen. 4 In re wa' 
.soinc> activity in dead [xillen. hut the di<re:i>i' civer that of fiesh p"!!''!! 
wa.s notieeahle. 

Stunuji ( j-jK n lilt Ills in'Ih mni i/iilli ii 

Since the* results of [irevious Worke-is |xeinteel to the helieficial rliccia 
of low m')isiure' cejudition.s on polle-n loiine-vity, e x|)eriments v niaili 
with this in mitiel, in IDh'). Sweet ee)in was u.sed, the* variety heina ' eMin 
liantam. ( 'orn jKilleii for each .series wa.s tni.xe'd thoroix' ainl 
in pafKT en ve feijx’S, in eovcTcel ula.ss fruit jars. 'Die |X)llen "10 
inta) sr'vertii emvelejix-s, for eonveuietiee* in withiirawin};: ptuls ‘ '' 

the e-nd (>[ e*ach interval. Each jar Intel several inclie'S of m ' 
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(.■ilciuiu chloricln in tho bottom. Tlio rovoptarlrs were then placed in 
|.oiistant-teniperature ovens, at the temperatures noted in tables 18, 19, 
■ind ’d -^1 iuterval, an envelope was withdrawn 

from each jar, and with its contents field pollimitions weiv made. After 
a -.uilttble interval, tlie ears were e.\amined to determine whether fertili- 
sation had oeetirred. .Ability to fertilize was tht' only test of viability 
used since uniform results could not be obtained in artificial fjerminalion 
cxperiineiits. 

in talile 18, fertiliztition is indicated l)y a plu.s si>rn, and lack of fertili- 
zation by a minus si<rn. The number of cars ))ollinatcd was either one, 
two. or thivc, as indicated by the number preceding tlu' sign. 


T VHI.K I'' Coiiv I’oi.i.iv STiiHFi) vT DuFUiryr Timi’Ki: \Ti res O'ER 
(' \l,eil M < 'lll.olilDK I'H.') 



IJil ” I 

l-'.l 


■nies<> r('sults point to tlic fa.-t tliat moderately 
iiiou favomble for storing corn pollen, provulco ilic lumn i } u 
^li'iidd be noted that jiollcn storcil at a tcmpci.'.tun o ,,,, uau-c made 
'■'d 'blc of cfTecting fertilization. In t his .scries, no pollina lo 
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until after twenty-four hours. There is no evidence as to the exact time 
at which the loss of fertilizing power occurred. 

T.\BLE 19. Corn Pollen Stored at Different Te.\iperatures at \ lIuMinirv 

5-10 Per Cent. 1915 


Pollen stored at 


Length of 

1 

0° 

c. 

10= 

' C. 

•20= 

C. 

30= 

r. 

storage 

I Ears 

1 polli- 
nated 

Eertili- 

zatioii 

Kar'i 
polli- 
naletl | 

Eertili- 

zation 

Kars 

{)<)lli> 

nattnl 

Fertili- 

zation 

Kars 

IHllll- 

nalisl 

I'Vitili- 

zation 

Hourt 

S urnher 

Per cent 

Xu tnfn'r 

pent 

S \t m 

Per rent 

A'u rnher 


6 . 

4 

0 

2 

45 

I 

.s.) 

3 

90 

12 

3 

0 

2 

(iO 

2 

45 



15 

4 

0 


20 



2* ' 

1.) 

24 

2 

0 

5 

49 

4 

:M) 

2 1 

1 O 

30 ... 

3 

0 

i 

0 

2 

0 

1 

t 0 

36 





2 

30 



43 



3 1 

0 

6 

0 



54 



1 1 

0 

1 

0 



60 

i 


3 

0 , 





72 


1 

t 

0 






• Pollen adhering 


T.Vl5Lf> 20. Corn Pot . lev .'iuiifd \t so-yo 1’er Cent Mi Minna Tt mih; vn iii^ t 

20'' C. .and .W C. IHl.') 



..f 

Kars 

Kerf ili/atiun 


UnlifJf 

\ ninfH'r 

J>,, (iiO 


6 

2 

21 


21 

2 

*')( 

FolU^ri Httirfii at XP C. 

30 

2 

si 


;«i 

) 

.1 


IS 

3 

J.) 


51 

1 

tl 


6 

1 

' IS. 

Pollen storm'd at MP C*. 

21* 

.3 

1' 


3f)* 

•> 



PoUen adberiog. 
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In the exporimcnts conducted in the summer of 1916, pollen was sub- 
jcct(>d to different moisture, as well as different temperature, conditions. 
Till' pollen was stored in bottles. The several percentages of moisture 
weiv obtained by drawing air thru different concentrations of sulfuric 
acid, according to the tables of Landolt-Btimstein. Withdrawals and 
field pollinations were made as in the 191.5 experiments, The percentage 
of ferlilization was obtained by actually counting the fertilized and 
unfertilized ovules on each oar. 


T.Uil.E 21. CoH.N I’oi.i.KX Stoked at .W C. and 20-.30 Peb Cext Humidity. 1916 


Length of storage 

1 

1 Ears 

1 pollinated 

1 

^ Fertilization 

Hours 

X umber 

Per cent 

0 

1 

0 

12 

.3 

12 

24 

2 

0 

30 

i 

1 2 

i 

0 


tidier .storage expiuiments were ma<lc. but temperature conditions 
at iKillination time were so unfavorabh' that the rc.sults were discarded. 

Inder conditions of high humidity, moisture often collects on the 
pollen, causing tlic grains to swidl ami adlicre to one another. On raicro- 
sco])ic ('xamination, (ilms of wati'r are seen around tlie grains. This water 
does not come from the air, but is ('xcreted by the [lollen grains themselves, 
dliis is shown Jiy tlii' fact that this “ I'aked " ixillen has not increased in 
tvcight. .\s individual ]K)llen grains differ in die amount of colloids 
!ind in th(' concentration of osiuotically active .substances, it is jxissible 
dial one grain extracts water from another. However, if this were true, 
cue Would ex{X’ct some grains to Ih‘ shrunken, which is not the case, so 

other exiilaiial ion must U' found. Such clianges as coagulation or 

PO'i ipitation of the proteins mav take jilaci' within the protoplast, which 
woiilil lessi'n its |K)wer to retain water. .V secretion of water would then 
■'■'uli. 1 h,. caking of |)ollen impairs its viability and interferes with 

till iiii elianieal oix'raf ions of |H)IIination. faked [Xillen is also a lavorable 
^"1 nini for the growth of molds and other fungi. 



778 


H. E. Knowlton 


The results of those exiierimeuts afruiii show tlu' favoralile effccls of 
fairly low temperatures. A freezing: temiieiatuie, howc'ver, seeuis to ),(, 
injurious, ami in this resix^et corn jMjllen (lilVers from pollen of most si) 0 ( i(.^ 
When corn ixillcn does not ailhcro, high humidity seems to jM'oloiiii its 
fertilizing ixrwer. 

Only two storage exix'iiments were conducted in 1917, owing to wnr 
conditions, d’he jxrllen was ston'd in watch gla.s.s('s, over (liircn iit pii- 
ccntages of sulfuric acid. Xovy jars W('re u.scd. The pollinati(jiis were 
made as in 191G. The re.'.ults are givt'ii in table 22; 

T.VIU.E 2 ' 2 . Cohn- Pom ev Stohek (P-lO’f’. cvoeii UcMrairiEs of ."jO 
1’ek Cent and N) pEii Cent. I'.UT 


I'^ar^ polhfuitrti 1 Vrhii/afio-i 


Length of storage 

•>0 

[M-r rrfjt 

1 iDHllKiltV 

so .')() 

IST per I'l'Iit 

Ijiiiiii'iil y . hiiiiiirlii V 

Ml 

pt r ( t lit 
liuriihlitv 


i 


n 1 

I 1 

1.1 

10 a 

.i (S 

Jll 

.iO ;i 


hj 

It) 

<> 

.11 

.‘>1 

1 

lid 

71 ;; 

a 1 7(1 

.;d 

I’ollen jjfoduced in 1917 was more virile 

than that of peo ioU' \i .ii' 

;uid it is to lx- regretteil th.at mon' e.xiH iimei 

ts I'oiili 1 not hi' m.'M 

lo dill- 

tniry tf> the n-sults of the pn-vioiis year, the 

ower humidity was 

t lie iiiori' 

fiivatnibie to longevity. 



In f/nliT that .atmospheric comlitions might he more easil\- c 

ml lelleil. 


(*f>rn planl.-^ wfn' irrown in Ihn n^n-mlioiisc in HMli. .\> a rcMilt. Ij\' ! 
and liiiiform tcmi>cr,arurc.s w(re m;iint;)inc<l IkUIi <lay and nigle I'lim;; 
jxjllinatiori lime, which w.as ;i gre.al .aid in getting comi)aiablc n .-ui - 
A.s in [ireviou.s s<'a.son.s, actual ferlili/ing [Miwer was (he old^ ' i 
vi.ability ll.-^^■d. 'I'he met Inxl ((f storage of |M)Ileii w;is I he s.anie ,is in I de 
The results from these ex[K'rittu-ntH (t.ables 2'.>, 21, 2o) .arc iiol 
clu.sive, althf) it c.an Ih’ .seen (hat the [xtllen lived hmger at the h>\'' 
{xtratures. 'I'he jx'rcentage of fertilization w;i.s .smalle.st at (In 



Studies in Pollen, 


WITH Special Reference to Longevity 


779 


table 23. 

Cohn Polle.v .Stored at ICC 

AND 70 Per Ce.nt Humidity. IOIQ 


Length of storage 

1 Ears 

1 pollinated 

^ Fertilization 

1 


Ilnurs 

j A longer 


4 

Pfr cent 

11 


1 7 

43 

25 


1 

70 

35 


1 

0 

50 



0 

00 



30 

71 


1 

00 

Vj 


! 1 

0 

100 


: 1 

0 

1(K 



5 

121 


0 

0 



I 

1 

0 

TABLE 2L 

Cou.v I*OLLKN StORKO .\T C . 

AND .50 Per Cent Humidity, 1919 


I) of ."turap* 

Fans ! 

1 pollinated | 

Fertilization 


11, mr. 

X)imbcr I 

Per cent 

21 


■> 1 

42 

32 


i 1 

50 

Ifi 


' '*> 1 

25 



- 

15 

72 


•) 

45 

■ — 



1 ' 1 

0 


TAHI.K 2,). CoiiN 


I’di.i.k.n Stouki) at ll’r rsDKit Rrj.^TivK Himiwties of 35 Per 
Cent ant> 50 I’kh Ckm-. iOH) 


I-ongt li (if storage- 


Ilnurs 

2(1 

.21 


'll 

Kill 

lll'i 


rar-. polliiiattd 


I’ert ilization 


I >5 50 35 50 

I per cent per cent ; per ('oiit per cent 

i hiiiiiidjtv liiiniiditv I luimiiiitv 1 liumiditv 

I • ... 


A rfr/k r 

A f/Rj/'f 

•> 1 

• > 

*■ ' 


•) 

'1 

3 

•) 

•» 


1 

1 

1 

1 

2 1 

1 

«> 

‘ > 


1 


fit Pir ernt 
20 
15 

OO 

1 0 

0 i n 

15 i 0 

10 7 


/'( r ('(' 
0 
0 


0 

0 
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humidity. Altho the results of corn-pollen storages are not conclusive 
it is justifiable to say that fairly low temperatures (5°-10° C.) aiv niorp 
favorable than hi<>;h tcmjx'ratures or temperatures l)elow freezinfr. Pollen 
lives longer at moderately high humi<Iities (.'>0-70 jx^r cent) than in a dn- 
atmosphere. However, if the humidity is too high. th(' polPui txiomcs 
sticky. Under the optimum conditions, as stateil al)ovc'. good, virile com 
pollen shoukl live for three days. The results show that jjollen varies 
greatly in different seasons, however. 


Possible causes of death of corn pollen 

Loss of moisture 

Androneseii (191.5) found that corn ix>I!cn lost moisture rapidly when 
exposed in the o|>en air or in a desiccator. Ih' con<dud('d that death 
was caused by this drying out. The following ex|x'riinents were per- 
formed to gather additional <lata. .''rnanal grams f)f fresh corn pollen 
were spread out cveidy on a large watch gla.ss atid carefully weighed. The 
watch gla,«s wa.s then placed in a desiccator ;ind weighings were made a^ 
shown in talrles 26 atnl 27. From a similar, but unweighed, sample 
adjacent to it, {xdlination.s were made at tlie .sum* time lliat th(' weijilit' 
were taken. 

In a dry atmosphere, com pollen lo.ses moisture rapiilly. .'^oinc if 
this loss in weight i.s ohvdoiisly <lue to the carlH)n dioxide given off in 
respiration, but the calculated <-oiTection for thi.s loss is only li per rent 
for the figures given in t.able 2l). and 9 jx-r cent for the valui s in t.dih' 2i 


T.VBI.E 20 . Poi.i.F.v IN' Df.xi<‘C 4 Tor ov>;u C'ii,rirvc riiLoinnK 2 . 
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1 [wllinatisl j 

! 
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• 
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2 
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2 

1 

l>0 

4 

1 

,s() 

0 

1 

70 

8 

2 
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2 


12. . . . • 

2 
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23., 

2 

mio 


( 


WaOT 

l,i-t 


nl.l 

0 

It 

L’O 

o7 

IS 
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table 27. Corn Pollev in Dessicator at 2.>'’ C. and S.'S Per Cent Humibity 


Age 

Ears 

pollinated 

Fertilization 

1 

Water 

lost 

/fours 

Xiimhcr 

Per cent 

Per cent 

0 

1 

70 

1 

0 

1 

00 

12 

7 

o 

30-.a,') 

20 

in 

ii 

.30 

4.3 

23 

1 

1 

74 


Hnwovnr. pollen rrinnins vialih' after eon.'sideralile desiccation. Thus, 
ta'ile 2(3 .shows that fei'tilization look place even when SS per cent of the 
watir content had disaiipeaied. In (hc'C exjieriinent.s. the pollen was 
.sjiread out on the watch <ilasses in as thin layers as possible, in an attempt 
to !ict the same amount of evaiioration from eacli iirain. It i.s probable 
that the few successful pollinations, after twelve ami twenty-three hours, 
rcspi'ctively. wi're du(' to pollen (Trains so favoi'ably situated as to hold 
a !ar(cer aiuouut of water. However, the results show that grains may 
lu'c from Id to .')0 per cent of (heir water without materially impairing 
tlicir viability. 

Expa'iiiu nl.'t nn irfipiraliou 

la addition to desieealion, other factors which might impair viability 
suggested themselves. Sinci' the moisiun' content ol corn pollen is high, 
respiratory activity would ]irob,ably be gicat . .\s a result, exhaustion 

of stoical food might oiaair. and this would (irobahly Ih' accompanied bv 
protoplasmic chaiigc.s. 

llcspiratioii was first di lermined. Due to tlu* sm.dl amounts of mateiial 
available, diflicultv was (‘XjierieMci'd in liiuliiig a method by which such 
small amouut.s of carbon dioxide eoujd 1m' accurately mea.suied. Tiuogs 
'b'l.b metliod. as modilieil by Curjar (IdlD. was finally used. This 
iiicihod consist.s essentially in ealehing earlioii dioxide in a special foiin of 
absoiption tower, eoiitaining .standard stnuigth of barium hydroxide, 
■md titrating (he remaining alkali against a standard acid. Ihc lesults 
!>ic giv(‘ii in table ‘2S. 

I' wa.s ex])eete(l. (lie respiratory activity was high, diminisbing i.ipidx 
' dry atmosphere. However, it was not rapid enough to exhaust 
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TABLE 2S. Respiration of Fresh Corn Pollen at a Temperature of 2,V C 


Time 

i 

Woight 
of polU*n 

1 C arhon 

1 'tidxiite 

P'T gram 
j per hour 

lloiir.y 

2 5 

S 0 

3 0 

(Jram'i \ 

t) 
ii 

i 2 11 

1 71 

0 .it; 


all the stored carlioliydiate within the several days tliat eoni pollen 
normally retains its vitality. 

Starch content of pollen 

Microehi'inieal tests show corn pollen to eonsist almost entirely of sfarnh. 
In dead pollen, tluhe is no apparent diminution in I hi- starch content, 
.\etual ehemieal analysis, usinn Stieh.sse's metho<i. aave ihi' resuli.s shown in 
table 20 

T.UiF-F- (\rbiihyi>ii \TE .\s ki,vsis of Corn Poi.i.f.s 


Fre-sh 
4 day .-t 



Frc.sli siilisi.'iai'c 


Stiirch 


lil'lllll'HlH 

om.ir 


/Vr real 

I.-) •’ ; 0 2t 

l.'i r, 0 la 


It is evident, therefore, tluit the storeil food is not exhiuisted hetorc 
death fx;eurs. 

Amijlnne ncJiritu 

Since starch is the chief reserve earliohydrafe, amyliisi- mU'’ he an 
imfxirtant enzyme. Delermintitions of amylase tictivily, "I'h hoth 
fresh and dead [tollen, were made hy the followinn method. A \'cichcii 
qtiantify of [xillen tf).I nititn) wti.s j^round in a morltir with ;i h ' 
of distilled water until mtieeration was complete, after which it w.o itcio, 
and 2 cubic centimeters of the extract wa.H tuhled to 10 cubic < ( i 
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of 1-per-cent soluble starch. After twenty-four hours digestion at 30° C., 
the reducing sugar was determined. The results showed no decrease in 
amylase activity of pollen one week old below that of fresh pollen. The 
amylastic activity of sevcn-months-old corn pollen showed a marked 
diminution. This has no significance, however, as corn pollen remains 
viable for only a few days. 

Cntiila.‘:e aclii'iln 

Catalase activity was also determined. The method of e.xtraction 
was similar to that for amylase. Tlu' Hunzell ( 1014) apparatus, graduated 
to read positive pre.ssurcs, was used. Determinations were made at 
2.T C. The results (table 30) tire the average of five determinations 
for each ttge of pollen. 


T.VULH 30. r.VTAl.vSB .IrTIVITT OF CoH.V PoLLEtJ 


of poIl<*n 

Hcinlmi? i 
nfliT 1 

1 IMIllUtV 1 
1 

1 

Reading 

after 

J inmmes 

1 Reading 

1 after 

j 3 minutes 

j Reading 
j after 

j 4 minutes 

iiours 

MtlhmtUrs \ 

.Uilhmtiins j 

Millimitirf- 

i Millimeterti 

(i 

\ 1 :t ! 

Til 

i ST ! 

1 9 8 


; ;i (i i 

T, r 1 

(1 1) 

1 7 ti 

js 

■j .s 1 

a 3 1 

ti -2 

ti 9 

ifti 

\ 1 

1 :> ;! 

1 1 

ti : 

1 * ° 


•Vs was ('xpected, ctUtdaw' activity seems to p.indh'l respiratory activity, 
as was found liy .Vppleintin (lOlti) with the potato: but there is no indica- 
tinit that it h:is any rehttion to vitibility. Divnl pollen still shows some 
I'titalase activity, (^ahadated in grams of fresh substance, the catalase 
activity is nnieh lower tlnin in .Vntirrliinuni jxtllen. 

I'l'diii thes(‘ ex|M'riii'.i'nts. the aullior must tigri'e with .Vndronescu (1915) 
that the death of corn i>ollen is norfually due to drying out, and not to 
exhaustion of stored food or to loss of enzymes. This is borne out by 
die I'csulta of the storage exiierimenis. in iviiiib the high humidities pro- 
loiio(,,i |jf(, \evert hele.ss. the iiolhai can resist de.siceation to a consider- 
able (legrt'o without impairing its viability, hlven at high humidities, 
which h'ssencd evaporation, the life of the ]iollou was not gicatlj 
pii'longed. Some otlu'r factor, such as protein precipitation, may, thcie- 
fo'e, lx; oixtrating. 
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Resistance of pollen to extremes in temperature 

The results obtainctl by various workers show that pollen is verv 
resistant to low tciuperatures. It is nuieh less sensitive than the stirrma 

Goff (1901) found that plum and eheny imllen t!:erininated after exposure 
to a temperature of -20° raspl)errv pollen withstood a temperature of 
—23° C. Pollen of plum and eh('riy. eonlined for five days at a temper- 
ature of 20° (’. in a saturated atmosphere, failed to ^('rminati'. while 
at 10° C. they (terminated freely. Goff concluded from this tliat if the 
weather remained coot, a prolon<red rainy six'll would not lx- as injurious 
as at a higher tiunperature. 

Kwert (1911) subjected apricot arnl jx'ach pollen to a temperature of 
fnjin —8' to —1.")° ('. fora [xaiod of from two to three horn's. 'I'lie nsults 
wore not uniform, altho hiah resi.'-t.-mce was shown. 

Sandsten (1910) found that frcczi?i^c did not sc'riously injure ai)plp, 
{X'ar, and plum pollen, while le.-s than oO per cent each (jf the peach 
and apricot pollen were kilkal. .V temperature of --1’ ('. caused peniia- 
nent injuiy to the .<tipma of apple, pear, p('ach. plum, ;md chcrr>'. 

Chandler (1913) detf'rmined lli;it appl(' pollen, when dried, wotilil 
witli.'^tand a tcmiKTatun* as low .'is fiom -S° to -13° ( ', for ciphteen hours, 
At —4° C. apple and cherry stipmas wen' killed, and of the peach stii;- 
nias, 13 [K'r cent wcic killed at th.-it tempeiaiuri'. 

The low waiei content <»f .\ni irrliinum pollen suppests that it pii>'e";('S 
con.siilerable re.'':istinp power t<t low teiuperatuies. 'The success atteiuliiiU 
tin* stonipe at freezitip temix-nilure, and even at a tem|)eraluie ol ■■'lit < 
led the autlnu' t<) tiv hover tem|x'ral uns. I’ollen was placid in sioppcicJ 
test tulx.'s and frozen in liipiid air, with tic; results shown in table 31; 


T.tlll.K .')1. v r. OF .\mii(I:1(i.m M I’oi.i fn to 'I'i vi'kii vreru: or I.c ' ic 


Tirnf in liqui^l nir 'fnlniif**«i 
(ifirnutiatinri pi-r rfut } 



• ini{ in nu J' rfiMGjr*- for '50 minute 


The perrnirtat ion w.as cr|u;illy viporou.H iti all trf'alnients. .u d in’’' 
lonpiT perm tulx-s were produced by ]K)lleti which had Ix'cn tie/ o ^ 
rate of the ftill in temix-nitiire luid no effect. No ixillinat ions w " 
but since germination was wr vigorou.s the pollen undoubtedly . 
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to cffoct fertilization. As the temperature of liquid air is somewhere near 
-180° the resistance shown is very remarkable. 

Corn pollen is not able to withstand such low temperatures. Andronescu 
(1915) mentions the stimulative effect on corn-pollen germination of a 
tenipc-rature of from 8° to M° C'. In the .storage experiments there is 
a record of corn pollen which fertilized after forty five hours storage at 
0° ('. At -17° C., the iiollen was dead after twenty-four hours. It is 
probalilc, therefore, that it cannot withstand a temperature much below 
freezing. 

.Vntirrhinum pollen also is able to resist fairlv high temperatures as 
is shown by table :}2. Other ivsults. not included in the table, were 
similar. 


11 To 

1L> 7.) 
l:i 7.-, 
It L’7 
1' 77) 
1.5 LM 


TAItl.Il 32. Antihuhincm Pollen- Stored at .52° C. 


Tiiac ijf stiirairc 

(lennination 

Length of 
germ tubes 

Ilour^ 

Pi T cent 

To 

To 

.50 

(SO 

30 

10 

15 

Short 

Short 

Short 

Sliort-medium 

Short 

Short 

Short 


Altho germination resulti'd after storage ai this high temperature, it 
".IS Weak and most of it al)normal in app('aranee, tlie germ tubes being 
''lioit and swelled at the api'xc's. If is doubtful whether any fertilizations 
"ould hav(' resulteil from pollinations made with tuis pollen. 

At the tiiiK' when the.se ex|K-rinients were made, the behavior of the pollen 
Mibjccted to the high temperatun's impressr'd certain facts on the mind 
of th(' author. Death seems to Ih> progn-ssive. with no point of absolute 
ii'liiiction Ix'tween live and d(';id polhai. Oerniination became weaker 
^oid weaker as th<' duration of .subjection to the higher temperature 
'"'I'.ised. I]|if 5 germin.-dion was abnormal but there was alwa 3 's the 
" ' ilainty as to whetlier the pollen was really alive. Living protoplasm 
‘"^ouiized, while dead protoplasm is disorganized. Disorganization 
'“'oot occur quickly but must lake place in stages, the rapiility being 
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dependent on the kind and intensity of the adverse condition. Whilp 
these changes are going on. it is naturally difficult to judge whether or 
not the protoplasm is viaide. 

DIS('US.SIOX OF RKSl'LTS 

The results of the studies with the pollen of Antirrhinuni nnijns (.snap- 
dragon) and of Zca Maijs (corn) show thi' striking dissimilarities Ix'iwien 
them. In the jKillen of .Vntirrhinum, metabolic activity is weaker than 
in the corn pollen, a.s evidtmced by less n'spiration, lower w;iter cimteiit, 
and greater ability to withstand ('xtremes in temix'rature. It would seem 
that the hictors iiiHiU'ncing longevity of .Vntirrhinnm ])ollen are the same 
as in certain kinds of .seeds. Desiccation. I'xhaustion of stored foods, 
and decrea.sc of e.s.seiitial enzymes do not appear to 1m- important, d'liese 
stime factors have not been found to be importtint in tin- loss of vitality 
of the .si'i'ds. .\ltho tin- author h:is no iiat;i to sulisttint iate this, the 
theorj' of Crocker ;iiid droves (lltlo) tliat death is caused by slow piecipi- 
tation of proteins within the protoplasm, seems to be the most logical 
The increa.se in rei hieing sugars, with incre.-ising ;ige. is evidence in favor 
of this theory, for it shows that .some readjustment is ttiking place. 

When corn [lollen is subjeeteil to normtil atmos|)heric conditions, 
drying out undoubfe<lIy di-termines tin- diirtition of vitality. l\hcn 
stored under conditions ot high humidity, however, the vitality i' not 
greatlv prolongeil. .Mtho respinitory tictivily is great, no marked loss 
rif re.serve inati'rial.s iieeiirs. .\.s with .\ntirrhmum (sdlen, some de.-ti Ultimo 
change must lx- going on within the prolophist. .V change in the ]iroiu- 
pla.smic (■mulsion, smli tis precipit.-ition, would alTecl tin inihihiioic 
powers of the colloids ;ind might c:iu.se the excretion of wtiter noted m 

the experiments. . 

With [rollen, one must distinguish two degrees of vitality, on- won > 
can bring about germination .•ir:d short tube growth, ;ind tinothei uan' 
will c.'iiise fertilization to t;ike pl.-ice. Tin- author h.'is given eoii':i i.i 
evidetice in the.se eX[K‘riments that a polli-n grain may germinat' uidniin 
ever functioning in fertilization. If is .‘in ojx-n f|Uestion ' ,'j|j 

is due riierely to the inability of tin- ]x»IIen tubf- to reach the o\.ii 
nation exix-riments, under favorable tr-infM-rat tires, on shot I ' 
styles of which the major parts have Ix-en si-vered, with a • 
tulx; growth within th<; style, would sherl .some light on this. 
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The results from the storage experiments with pollen were exceedingly 
vriiahle. Many factors that are difficult to control may influence the 
results. Pollen produced in difTerent seasons and under diverse conditions 
jg, in some way, physiologically difTerent, as is shown by the differences 
in ivater content, the different optimum sugar concentrations required 
for germination, and the variations in the duration of life. Temperatures 
at pollination time, e.specially if unfavorable, may also influence results. 

It is an established horticultural fact that a larger “ set ” of fruit occurs 
on “ solfed ” varieties in sca.son.s when the temperatures are most favorable 
for pollen tube growth. In the corn-storage experiments, where field 
experiments were made, it was. of course, impossible to control the 
temperature. In the .Vntirrhininn-pollen-storage experiments, all plants 
were grown in the greenhousm so this factor was jirobably negligible. 

The difference in resistanci' of the two kinds of pollen to e.xtremes of 
temperature was striking, alt ho it was alxuit what one would expect. 
Corn pollen with a high water content and high respiratory activity was 
more susceptible to injury than was .Vutirrhiuum pollen with its low water 
content and weak re.spiratoiu' activity. If death is due to an irreversible 
change of the protoplasmic .system. ;i jirotoplasm like that of Antirrhinum 
pollen would be nioir' resistant heean.se of its low water content and. 
consequently, more stabl(\ gel-liki' ('iimlsion. 

.According to Harvey (Hfl.S). in aiMiiion to water content and meta- 
bolic aelivity, the hasieity of the jirotoplasm also inflncnccs the resistance 
to low temperatures. In these' studie.s, no hydrogen-ion determinations 
of pollen pr<)topla.siii were matle. 

Sl.M.\I.VHY 

Pollen of snapdragon i Antirrhinum ninjun L.) geuminates in am concen- 
tration f)t cane sug.ar up to .1(1 per een'. 1 lie most favorable concentration 
varies from 10 to '2~t per cent, depmuling on the coiulitions nmlei which 
the plant ha.s been grown. 

The most favorable temiM-ralure for the germination of Antirrhinum 
pollen is about 2.1° ( '. 

I lie moisture content of Antirrliinuin pollen varies from 10 to 20 pa 

CCIll, 

' ‘lie .sugar is the chief reserve earliohydrate in .Viitirrhimmi ))ollcn, 
•be amount ranging from 8 to 10 ikt cent of the fresh siibstanee. 
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Antirrhimim pollen remains viable longest under conditions of ]inv 
temiXTature (O’ to —17° C.). Tlie longevity decreased when pol!( ^ 
stored in oxygen or at reduced atmospheric pressures. Th(>r(> somp 
evidence that high ix'rcentages of carbon tlioxide in thi' atmosplictv favor 
longevity. The maximum duration of germinative ability was (170 davs. 
and of fertilizing jMwer 101 day.s. 

The death of Antirrhinum pollen is not due to desiccation, ex!iau«iion 
of storeil food, or weakening of ('s.s('ntial enzymes. 

Antirihinum pollen is extraordinarily resistant to extri'ini's of tciinxr- 
ature. Ix'ing able to withstand one as low as — 1S0° (’. and onr as hia'i 
as +52° C. 

% Corn pollen is difFicult to germinate. The optimum concc'ntral ion for 
gernrination varied, depending on lh<' conditions under which the plant 
had l)een grown. The best germination resulted in a 15-p<’r-('ent cam- 
sugar solution [)lus 0.7-per-cent agar. 

The moisture content of corn |V)llen was between 50 and tjl) ])er emt, 
depending on the conditions tinder whi<h the [ilants h.ad been irrown. 

The chief reserve c:irlK)h\'drale in corn [lollen is starch. .\iialv-'o 
showed that about 15 [xt cent. expre.-.Ned in ix'rcentage of fresh siihstancc, 
wa.s present. 

'Corn [xillen reni.ained vi.able lonirest utider conditions of niodeiatib’ 
low tenifX'rature '5° to Itt’t’.j .and moder.ately higli liumiilities .it'toSi) 
jx?r cent). This [xillen w.a.s killed at a tem|XTtitun' of -17 ( • ih'' 
muxiinum duration of retention of fertilizing jxiwer was from seventy tu 
eighty hours. 

Under normal Cfaidiiions, the de.athof corn polhai is cau.sed b\ de^ii-i itm'i. 
Howi'ver, since life is not greatly jirolongeij liy storage under rianhi imf' 
which retard ev.afxirat ion, moisture is rmt the only inifxirttint tact ir. 

Pollen may germinate in an artifici.d mi'flium and yet be laeaptihlc 
of fertilizing a flower. 
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HORSE RAISING IN COLONIAL NEW ENGLAND 




IIOKSE RAISING IN COLONIAL NEW ENGLAND 
Deaxe Phillu’s 

Witii the rapid rise of the sugar iialuGry in the "West Indies during 
file latter half of the seventeenth eentury. the continental Britisli 
cnlonies in Aineriea were called upon to serve as the main source of 
supplies for the sugar i)lantations. An important trade grew up, 
espccmlly with the New England I'egion, in whieh the islands received 
lumber, fish, foodstuffs of various sorts, cattle, and horses. In return 
till' )iin'tliiM-n eolonii's olUaine i ^iiVar. iiiohi'-ses. rum. dycNtuffs. and — 
of especial importance to New England - - specie in various forms which 
1(111111 1)0 u.sed for pnrehasing mannfaetni-ed articles and other tiecdcd 
.supplies from England. 

Ilni'scs were used on the Mtgar i)lantations to turn the rollers of the 
I'iiiU'-eriisliiiig mills, to haul the cane from the tield'. and to transport 
sugar and snjiplios. They wei'c in demand f()i‘ saddle purposes also. 
As I'ar as Nmv England was eoiieerned. tlu're is ample evidetioe that 
Ilii‘ e.Ntiortation of horsi's to supply this need of tlio sugar islands formed 
ft Very iinporlanf part of the eommeree whieh was carried on between 
the t«o gron])s of Dritish colonies in the New \V(irld. and that it was 
cfiually im])nrtnnt in the trade which grew tip. beiwi'on New England 
< 111(1 the Proneh West Indies when these islands also began the cultiva- 
tion of sugar. The observations of eoutenijiorai’y winters, the reports 
"f the \arions colonial gmcrnoi's to 111 " Hoard (f Trade in London, 
Pd't record,-, and various eoinmereial statistics of the period whieh have 
I'cn made available hv niodt’rn research, and many other scattered 
('Oinvi's of infoimiat ion. indicate that lids was the I'ase. 

It is apparent that the development of siudi an e\[>oi't trade in horses 
mils; liovo .stimulated a (‘orresponding dev('lo|uni’nt of horse raising 
0)1 a eonimereial seale. In this memoir an attemtit has been made ti- 
-‘itla together stieh widely scattered data as an' available conceiiiing 
this :i|.iy agrieiiltiiral enterprisi' of New England, and to trace its 
'!()■ <iiment and e.xtent during the colonial pi'i'iiid. Since, trom its 
'mill . j)P(5 vaising of liorses was inliinately hound n]) )vith the .sngai 
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trade of the West Indies, it has soenuxi advisable to "ive some attentiun 
also to the jrrowth and development of the latter industry. 


SI 'L ite K AM) KAKI.V DKV KI.Ol'M K\T OK MAV KXCI.AN l) Hoi;si s; 

It is not at all eertain that to the early eolonists New Kn^daiul 
appeaivd as stern jiml inhospitable a shore as we are sometimes led to 
believe. Hardships there were in pltmty. and much real pn\atiiiii 
and want. hut. on the other hand, the country jrave to them houmifullv 
in many ways of its own. Not tlu' least of its advaiitatri's in the e.ves 
of the first settlers was tlie eoiiiiiariit ive abundance of ])astin'e ami 
"rasse^ suitable for hay. which assured tin e;isy support for livestock 
in numbers stiflieient for the colonists’ ni'cds. 

This fi'aturc of the country is frci|ucntly mentioned in letters written 
to fricttds in Kni'hind by the •airly settlers tind in the aeromifs nf 
ti'iividers. Thus the Hi-verend Mr. llitrtrinson i 1 i.' writiiiir in Kiillt 
describes the tllilllldiUiee of irfilss '• which orow'eth everywheri', liiitll 


verie thieke. \-erie loiuTe. iuid verie hit'll ill divers I'laees”; and in 
regard to livestock he records further. ■' it do j)ros])er and like well 
this eountrie.” Another writ'-r (2i, possibly too anient in his iidmiia- 
rion for tlm new land, compares the iihnndtinee of piisturiioe to “ linn- 
'.raria." Josselyn t.l'. in Id- visits to .Vew Knolaiid. idso seeiiis to 
have been ini[>re-,seil with its possibilities alono this line, and writes lu 
Kil’i of the '■ bro.'id vallies supplied with ample fortit'i' H'' 
to be found in eleariiu's in the forests.” 

The nati\e orasses wliieli fiiriiisheil this for:i<'(‘ were mainly nt 
sorts foul-nieadow trrass and herd-i.'i ass, or timothy (I'- l‘>nL'li'li 

orasscs were introduced at an ••;irly date aiul were found to e row well 
in the new land ' d . Itoth the native u'riisses made oond li.i\ end the 
fact rendet'cil if possible to kee|> livestiM'k with little ditlieni'; ni 
of tbe ri'_'ors of tbe .N'ew Kus'land winters, 'i'he eolonisl^ v i I'e ll’"^ 
enabled to itierease fi'eely tl|e nillllber of their ••allle an ! 'd''' 
proportion as tiny found tliem useful. As is shown later. ” '1''^ ^ 

fail to avail themsc-lves of this opport unif.v, find the itieie/ e' 
place V. ns a rapid ofie. 


• Ni’rn^^n !n pi n-nnH-iU r* f»T t*» »h»» IKf of rttatloii« iN'Klmtinw' 
.tr* 't f'lll in fh*- ImI it ♦*!! 
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LJSi;Et’LNESS OF HOKSES TO THE COLONISTS 

Cattle un<l horses were of service to the colonists in many ways. The 
neat eattle furnished them food, hides for leather, and oxen for draft 
purpijses. Sheep were valued chiefly for wool. Horses served to some 
extent for draft, but for ploughing and other heavy work they were 
found less serviceable than oxen. Their most important use was to 
furnish means of rapid transportation from place to place. In the 
earliest days of the settlements most of this travel was on foot or in 
small boats (6), but by 1052 a New England writer ( 7) could boast 
of the ‘‘ wild anti uncouth woods filled with frequented ways and 
rivers overlaid with bridges i)a.s.sable for both horse and foot.” This 
indicates in a general wa.v the transition that soon took place, so that 
horses lieoamc of steadily increasing importance as the .settlement of 
the country proceedctl and the towns hocame more numerous and widely 
separated. 

In the diflionltios with the Indians, horses were of especial advantage 
to the colonists. Not onl.v was this true in tlie case of offensive operations 
iuraiiist the saxancs, hut in the frontier troubles whicli were always 
imminent the po.ssession of horses enal)lcd the scttlei’s to bring aid 
quickly to one another when attacked and thus saved many an isolated 
settlement from extiuetiou. That the colonist.s realized this advantage 
IS aijparent from the pains wliieh they took to jn'event any horses 
from coming into the hands of the natives. In Plymouth (8), in 
Massachusetts May (9), and in Conneetieiit (lOP laws were passed to 
prevent the selling of any horses to the natives, and even as late as 1665 
rt was only after eonsidendde debate that tlie Plymonth court allowed 
one such sale to he made to a friendly Indian for purposes of 
“ liiisbaiidrv ” (11). 

bastly, it is interesting to note that horse racing was not unknoxvn 
ill the early da.vs of the Puritan settlement in the IMas.saelmsetts 
colony, whei’c the court vents its dire eondeinnation on “ certain 
.iiiij (lisonlercd persons " who engaged in .such a bi'caeh of public 
dciciii,)^ (12). At a later date, however, such racing came to be a 
^’fci iii/cd sport in Boston (13), and especially in llliode Island, where 
W( re very common and often for high stakes (14). These jirac- 
'cro not frequent in the early days, however, and came to be 
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tolerated only after the country was well settled and customs haj 
changed considerably. 

early importations 


The first colonists who settled at Plymouth in 1620 brouLrht neither 
iiorses nor cattle with them to the new land, and it was not until four 
years later that the first neat was brought over (15). In the same 
year the correspondence of (iovernor Bradford indicates that a hull 
and 3 or 4 jades ” were to bo shii>ped to him from London tn he sold 
in the colony (16'). The first record of the actnal presence n!' a hurse 
in Plymouth seems to be in 1632. (iovernor John Wintliriip, of thr 
Ma.ssaehusetts Bay colony, describes in his diary a journey niadi to 
Plymouth in that year, partly by boat and partly on foot, ami states 
that on his return he was sent a part of tin- way on “ the ( Invi iiior's 
marc ” as a mark of special respect ( 17 i. 

However, fnmi some source — prob.ably KtiLdaiid. but possibly Hol- 
land. with whose ships the colonists had traded (18) - - tlic Plynmurli 
settlers ha<l by 1632 obtaincil a considerable supply of cattle, t'm' it 
is statcil by (iifveriinr Itradford that by this diitc man>’ ijcrsctis had 
been enriched by scllinir eurn and cattle at high jirices to new inuiris 
in both Plymouth and M:i.s,sachus( tts Bay :ind lunl spninl mit eii 
farmes'' foi’ the purpose of raisinir more (19). As to tlie niiinlier 
of horses in Plymouth at th.at time, however, no infoninit mn e.iii ha 
(.df-aneil from Bradford’s narrative, fm- be, in common with "ih.u’ 
winters (it the periocl, uses the term (dtlh more or less indlseriiii iii'it''l' 
to cfiver any sort of livestfiek, ineludini.' horses. 


The richer Mas,saehiiset ts P,ay eoloiiv seems to have been h 
plicfl than the eo|on>' at Plymouth, 'Phe fleet th;it arrivi'l 
numerous .settlers in the y<‘ar 1629 brfiutrht over also ;i eo 
nundier of horse-., and cattle, one hunilred and fiftts'ii lieaii ' 
amontr which were thirte<-n horses i21 ). In the following ye-i 
tliat brouirht over (iovernor Winthtop .arid the second group ' 
had on board two tiundred and forty eows and about sixt; 
is learned from Wiiithrop's letters (22). Some of thesr> ai 
while rn routr and it is not eerfain just how many were m 
•sToek of the eolonv. hut among the horses that survived 
both mares and .stallion.s f2.3'i. 


I -I- .up- 
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Alter the arrival of these early settlers, the succeeding decade saw 
the landing of a steady stream of new colonists about the bay. It is 
reasonable to suppose that they also brought many horses, but specific 
references to such importations arc not freciuent. Sir Ferdinand Gorges 
in 1()32 wrote from England to Captain John Mason in Massachusetts 
promising to send over several at tlio first opportunity (24i. but no 
mention is made of their arrival. Winthrop also records a few importa- 
tions. but in a casual and incidental fa.shion which implies that his 
register makes no attempt at comph-tenes.s in this respect. Of those 
noted by AVinthrop. the first i.s in 1633. when he mentions the arrival of 
the ship Bird with four mares on board ('25). and in the same year 
the Bijiidve lit tnr with two. four having been lost in transit (26). In 
]()3') AVinthro]! speaks also itf the arri\al of a Dntcli vessel with “ 27 

Flanders mares and 3 horses ” (27). This last-named ship 

had cleared at the Te.xel five weeks ])reviou''ly. and had thus made an 
unusually quick voyage and one notalih' for the fact that none of her 
cargo of livestock had been lost ( » route. 

Darin, g these early ymirs. also, both AA'inthi’op and Bradford record 
in their journals the fiauiuent aridval in the liay of slops having cattle 
on board, and it is probable, for rea.sons already given, that these 
“cattle ” often included some hor.ses. The nn.mbei' of such arrivals 
Was ciM’tainly large, AVinthro]). for example, ’mte.s that in 1634, “ dur- 
ing the week the court was in se.ssion tlu're came in six sliips with store 
Ilf iias^.nivpi'j. ,.,itt]e ” (281. In the same year there were fourteen 
ships in one month which east anchor ei'lier in Salem or in Boston (29). 
Alany mori' .-irrivals jindi.-ihly went <“ntiri')y unrecorded, and llieretoie 
the veiiutpifisjs^ (iC jiifi 7 '(i(i(-)rd (locs iiot iiccessarily mean that horses weie 
Uot lieing brought into the country in considerable quantities. That 
th(‘\ being imported in large numbers is. in fact, the only possible 

ciiiiiliision to be drawn in view of their great abundance a few >eais 
laici- fo eonfinn which there i.s jilenty of evidence, as will be shown 
Pl'lNrntly. 

.SOriU’ES OF NEW F.NOI..AND IIOR.sES 
’"'■e the early importations undoubtedly rnrnished the basic stock 
which two noted American breeds -the Xarraganseii pacers and 
(ill more famous Morgans — ivere later developed, it is worth while 
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to consider briefly the sources and the general characteristics nf these 
first imported horses. 

In view of the lack of any direct evidence to the contrary, it is fair 
to assume that the first shipments were mainly from Enprland and of 
the small nondescript type which at that time made up iIk- hulk of 
the Eiifrlish horses (30). There was, however, .some admixture of othtr 
blood. In the primary importation into the Massiichusetts Ba,\ colony 
in 1629, three at least are mentioned specifically as “ having come out 
of Leicestershire ” (31). which at tlmt fiine wa^ the soiii'cc of a more 
or less <listinct type of horse of ;i sort better than the average id21. 
The importation of Flemish marcs also has been noted. Wallace eon- 
tends that these latter were not Flemish but were rather of a Dutch 


type (33), but his conclusion is ba.sed merely on the fact that the vessel 
cleared from a Dutch port — which does not seem a very valid reason 
for eontrovertino Winthrop’s speeifi** statement as to their Flemish 
oriL'in. csjieeially since Flemish horsi-s were well knoun at that pcinod 
as a di'tinet ty[)e. 

There is one other possible sotirce of some of the New Emrlaiid horses 
which deservts consideration, especially because it nmy tend to explain 
in .some measure the persistently small size of these horsies. iaoi uhen 
carefully bred - as later they wi'fe in Uhode Island find ( 'oniiect idit — 
and, further, the eemstanf oeiMirrenee amone them of iuditidiiab pos- 
se.sscd of a tiatural pfieinir irait. This possible proirenitoi is to be teiiinl 
in the Irish hobbies, a race of snuiil, hfirdy, wild ponies exisiiiiL' m 
Ireland during the first {uirt of ihi- seventeenth eeiitiiiw. I Ic 'c Imtse'' 
were in trreat denifind in EiiLdand for s.addle ()ur|ioses, air! 


exjnu'ted thence in such 'piantitii-s that the\’ ;ire said to ha'c 
practically extinct in Ireland Ixfore the year 1634 f34). 
well known in Erurland. and their nafunil paeiiip trait me 
esjieeially desiivible in any phiee where tcfivel was of neec"ii 
back (■’■'}) ; it is not at all improbable, therefore, fhat sonic ot r 
their way to New England, where they would have bei u 
serviceable. There .seems to be no direct evidence to this ef!i 
comparison of such fratnnenlary deseription.s of the two fis .n 
discloses a rather strikintr similarity between these Irish I 
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the !';ini()iis Xarrafransett pacers which were later developed in Rhode 
Island.' 

FREE RANGE AND ITS EFFECTS 

Fioni tlie very earliest period of Xew Eii^dand history it was cus- 
tomary to allow both horses and eattle to run at lartrc on the public 
commons. At times some provision for a herdsman was made, luit as 
till' herds increased in nnmliers and the settlements became more scattered 
the animals he<ran to roam more or less at will about the settleil areas 
and ott('n strayed awi^v lor considerable distances into the forest or 
were lost completely. AViuthrop records a happening of this sort in a 
letter written to (lovi-rnor Endicott on behalf of a widow whose horse 
had been impres.sed for militar\' service. I’h'adiiitr her need foi‘ the one 
that had been taken irom her. he says. “ She hath another horse but 
has not seen him for several months (iltil. Sti’a.vs of this soiu were 
niniiei'ous and this oftim h'd to man.v ditliculties of ownership, which in 
time compelled definite le<?islative jirovisions to hi‘ made. 

AVliere hor.se raising developed, as it did later, on the i.damls of Long 
Island Sound and on the water-guarded jmints and necks of Rhode 
Island, this free imiige was not a serious ]n'ohlem. But where the 
lorses and cattle were running loose about tlu' towns in a semi-wild 
'tatc and in ever-increasing numbers, many dilhcultics were hound to 
inse. The chief trouble came from damage t1one t(' gni'dens and crnjis 
>y herds of these eipiine and bovim* marauders. At first “ all greate 
■altle ” W(M-e herded by <iay b.v a public herdsman, and the owners 
'■'■re held responsible for an.v harm intli< ted by their animals after night- 
'dl (.IT). Rut soon the burden was ]uit on the other side, and in 
'hissaeliusct ts Ba.v. for example, in Itilll the court repe.iled the former 
ct and provided that “ every man must now secure his own corn and 
iieadiiw against (hmiag'' ” (d,'''!. It w.as provided further that only in 
' animals running at large h.ad broken thi'ough an adinittedl.v strong 
' iiee e(ndd the person suffering the damfige have an,\' redress, ('om- 
'huiits foi’ ilaniages of this sort a]>])ear eontiuuall.v in the court records 
I all the colonies, and it was aptiarentl.v a cause of enilless litigation. 

•h persisted until a late date. 

iii'irp ili'Inili'd (n-cii-Hiiiii of the or'-iii cif llu- t e iriM'ii on 
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Another difficulty met witli as a result of open-range conditiniis u;,v 
that of deterioration of the hreeil. Wliatever may have been the som^i. 
of the New England horses, it is clear that the promiscuous bi-eedine dj' 
the scmi-wild animals on the commons could not lx* conducive to tli* 
perpetuation of their Itest eharaetcristics, although it may have I'esiiltfil 
in a certain hardiness hy weeding out the ones unable to staml the iiL'nis 
of this wdil life. At an\' rate, etl'oi'ts were made before long to inewm 
the breeding of the obxiously untit. In ItibS the court in .Ma-'sai huseu- 
Hay declared; “ Whereas, tin* breed of horses is utterly si)oyle<l wIkiiIi; 
that useftd creature will ln‘eome a burden be it eiiaeti'il that iiii 


.st'ine horse above two years old be allowed on the (‘ommons or at lilioty 
iitdess he be of eoiiiely proportions ami fourteen hands in statine " :;:i 
The owner of a horse found in \iolation of this statute wtis to l)i- linoi, 
and l.'iter the amount of the fine was latised. Plymouth ( lOi ami Cyi!- 
iieioii'iit '41’ pas-.ed similar limitations, the miniinntn statniT m tln' 
latter e;ise being set at thirteen hands. 'I'ln'se re.striei ions seem to lnui 
been filirly Well eiifon-ed but l•ould obsioiisly result in little niipmo- 
im-nt of the bi'eiil as long as eotiiplete open-range conditions pno iiil'd, 
tine of the peridexities ill all these eases of damages, tlfti'l' llofses aii-i 
eattie h;;il iH-eoiue nutneroii'. was for tin- person whose premises had bo'n 
invaded to reeogiii/e who-e animal it was that had done llii‘ daiiiai'' 
'I'he satne dilbmilty was met with in li.<ing the lines Im' iiedi iM/i'a 
sfalliotis foiimi riiniimg at large. Often these liorsi s and e.illh "'H' 
even 'frays from a neighboritig town, which made llm jirohleia 'till 
more ei)mplie;ite(|. This led to the passage cd tielS eompellillg ill' I'MIi'l 
ing of ;dl animals witli both the m.'irk U tlm private owner and ihat 
the tiovri of his ri siileiiee. The general <'onrt in .Mass.icdni-' I’'*' 


passed sueh tin aet in lb 17. and in its nals are enumerated 

of thirty-three ditTerent towns under its jiirisilietion at tlm 
fli Ibafi the New Htivetl eolotiy eompelled horses to he In. ' 
ami fie- other ( 'oiilleel ieilt t»>wns dill the stime itl l<)t>a '1 
f'ltiiid htid a similtir pro\isioii tb')i. In the Ititfer pl.nifain 
tliirty wild and unmarked horses were ordered caught ai 
the [iioceeils etn[>loved fo build a prison and stocks i Pi 
tie- usual fate of utibratided animals or persistent strays. i 
eoiiit .at Piynioiifh. on eomplaitit of sotne that certain li"i 
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kn.a iK.l.nifvin- to Uhod,- Islan<l are found -oeirvA within onv libertv 
to thr -Treat annoyaiu-p of Indians and En-lish," ordered that 
aiiiuials should he treatc-d as eonnnon strays and sold f4T; 


s. . . . 

such 


tseuuxsv'. \'s NX MuvAi nr iioiisES 

In lla- two or three decades following' the first importations there was 
a i'a|>id iiurc-asi' in the inimher ol horses in New England, and they 
brcaine aliundaid not oidy in tlie region ahout ^Massachusetts Bay but 
also in tlie newt-r settlements in Connect lent and Rhode Island. As the 
ciihinists pusheil into tln-se lattei- ai-eas they took horses and cattle with 
tln-iii f I om flu- etu-ln-r sc-tth-nii-ids, ami. tin-ling the new regions in some 
])lai-es espeeiidly suitable for tin- raising of livestock, they began to 
eitg-ige in it oil ;i eoiisidi-rahle seal-*, so that iiy 16o0 or soon afterward^ 
tlii'ie lia-l conn* alioiit an aliinnhuiee ol both horses and cattle through 
the wlioh- New England territory. 

Ihe increase wliieli thus took jilaee is liroiight out clearly by the course 
ol prices during the period. In the year's of tlie great immigration that 
lollowed the first sottleiuoiits on Massaeiiusetts Bay. these prices were 
rather high. Wiiithrop, in Kid.'!, rates marcs as being worth £35, and 
rows Irom £11(1 to £2() (4S). 'I'wo years later the Flanders mares, the 
importation of whieh has already Inn-n noted, sold for £34. and heifers 
hioiight in by the sann* shi]) .sold for £12 each i49). During the next 
tew years the great number of settlors arriving eaiiscd prices to rise 
e\cii higher, and, as Bradford records, ' ye aneiente planters wliicIi 
any stock begane to grow in their -stats and spread out on farmes 
t" I'niso more ” (50). 

Ia 1()40, however, the snpiily had a]>iiarcntly overtaken the demand 
■‘ti'l I'l’ices began to fall (51). By 1(>45 this -h-erease had g-nic so far 
tlial \\ inllii'op s[)->ak.s -tf a h-irsi- tin- jiriee of which he gives as £10 as 
' '''slli(i horsi' ” (52). In 1()53. h-iwevor. horses were still rated by 

*h' 5Iassaelnisetts Bay i-oiirt at £10 (A.'n, but thirteen years later, in 
* "''iicctivut^ fb(iy fallen lo half that amount (54), and in 1668 the 
' ichiisotls Bay court reduced tlie rate from £10 to £5 (55), Finally. 
I" '-11. th-' rate was still furtln'r reduced in ^lassaelinsetts Bay. and 
's w-‘re ord(‘red to la- reccive-l at a rate of £3 £(>r ea-'h horse or 
' 'ihove three years old and 4(i shillings for two-.vear-olds (56). In 
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the last-named ease the court stated si>eeitieally as its reason Im , 11,1 
reduction that horses had tor sonit' time l)een worth nuich less than 
amount previously tixed l>y law. Duriu*' this jxu'iod of falliut; ]>riras. 
the numher of persons in the country liad st('adi!y increasi'd, roads wi ia 
being established, and new aitricuHural lamls had l)een o[)cni'd up all 
of which would result in an increased demand for horses, ft atipiars, 
therefore, that the increase in their numbers must have more' than kepi 
pace with the dcveloinnent of the country, anil that the deerease in 
[iriccs was due to tin* abundaiu-e of the siipjily ratiier than to any 
decreased need for their ser\ tees. 

There is much other evidence to indicate that by tbe middle of the 
seventeenth cimtury horses had become very abundant. In H)47 thnsr 
Vunning wild in Massachusetts Bay were so numerous and \\eri‘ iloine 
.so much damae’c as to call for Icudslat i\ e interference loTn whih 
Maverick, writitig a little more than ten years later, .says. “ it is .1 

wonder to see the great herds of cattle and the great inmilier 

of liorses besides the many sent to Barbadoes and tlm oUiei' CarrilHc 
islands ” (oM. 'I'lie same condition is attested by .John Wiiitlirop tin' 
younger, writimr from ('oiiiieetieiit in llitid i.'>!)i. and by the report nf 
the (.'onimissioners to .New Kiiglaml preseiiti-d to tho Board of Tr.nle 
in l>nndon in Itltj.') MiOi. I'.y KiTo. aceordimj: to William llarris. wli" 
had been sent out liy the Board (d' Trade, the eoiinlry had so iniiiiy 
horses “ that men know not what to do with them ” itir). 

A still fiirtlier indication of the plentiful supply of Imrses in NrW 
England is the fact that by this lime Tiese colonies bad beeiin a-, a 
source of supply for other colonies. In 1(112 .Massaeliiisetts r>a> w.is 
being called upon to furnish a shipment of horses to Lord lialtiiMcn •- 
colony in Maryland 1(12). and in the report to the Boanl ol '1 railr in 
Kifi.b, tilready menfioiied, horses are named as one of the espoil- "i 
Massaidiu. setts to Barbados and X’irginia. .\ letter written in I*''’' 
Seendary von I’ientioven, of the Dutch West Imlia Company, inn 'i''' 
that at that date liorsr-s were being ohtidned from New Envla' 
the IDnteh on the Hudson River ((l.‘!i. 'I'lie lettei' in ipiest ion aih 1 ■ i '" 
speetive settlers in the New Netlierhmds to take no horses wid nriii 
to the new hand, heeanse “ they can he got at reasonable evpen 
the English whn b;ive jilenty of them." 'I’liere is aiipetided " 
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of prices in Xew England ’ for horses, rows, and hou's ; so there 
can he no douht as to wliieli of th(‘ Kiijrlisli st-ttleiinnits Von Tienhoven 
had in mind. 

It is tlnis appai'ent that hy a))oiit the middle of the century or a 
little hiter, New England had come to have an abundance of horses 
iiiiii’e than sutlieituit tor its own nee<ls. Xatural increase under free- 
latia'c conditions woidd tieeount lor such lar<re numbiu’s only if it were 
assuimsl that the importations dnrin<r the early years of settlement 
were f;ir more numerous tlian liave been reeoi’ded. or else that such 
iiiipoi'tations continued t li rounlioul the whole ]n>riod — wliich does not 
'iM-iii very proliable. Diirine; the latter part of the years described, 
lidWever. the exportation ot hordes, which was just beeinuini^ had as a 
result tin' stimulation ot horse bree<linn; for this pnr[)osc in a more 
r!ireful nntniier. ttiid probaldy aeciderated to some extent the rate of 
IticreilM'. 

Vith tlu“ <le\ elo]nneiit of tills exporl tradi' beyins the second phase 
ef horse raisiny iti Xew l•]nylatld. residtiny in many ehanyes throu,yhout 
the artsi titid itt the establishtueni of horse breisliny as an importan’' 
aiiil extetisive industry itt eertaiii favorably loeatfsl siwt ions. 


rill'; lilKJINNINt; of IIIF K\1’o1!1 ritADK 1\ iioksks 
As has iilrt'ady bei'ii indicated, some horses wei'e exported from Xew 
hiiehind to the other eontiinuital colonies at an early date. Sueh shiji- 
"iriits, however, never came to be ol' any yreat importance, and are 
"ortliv of nientioii ehn'Ily to show the relative abiiinhinee of hnisos in 
Ni'W Enylaud as <-ompared with their nnnilers in the neiyhboriny 
eiildiiics, d’he main demand that resulted in the exportation of Xew 
l'■tn;l,lnd horses eanie from the suyar jvl.antat ions in the AVest Indies. 

1)1,11, horses and cattle were imeiled for draft purposes, to haul 
'sini' from tlie lii'lds. to transport siiyar and siipivlies. and to turn 
the i ’ ,ivy cylinders in the eanea'rusliiny nulls, ’ Iloises were used fur 
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iA«>u ( I’hi' fimfiin iti aoI U, |» 1I7* tlio foIl<i\A iiit; tlv.'^vTip- 

ifii* <•{ >“ I'a 1 1 1 M I Ilf iln-v" call'' i ru'shmu mtlN *' TIh’a xI'imiI t!ii‘ < iliii'' m I'l*’ 

'I |ji>- }in<l put ir** nntl turn bv 

luiilillr ItnlliT : whl.-h to linn .itlirrs at thn iipp.'r end. turn 

"d ^ 'I'ht'y ,<1)1 thn'f turn iip«»ii iln* sann* »'ent “i> \Nlut“h are of Hiass and Slool. 
’••M'lilv of thrmsid llial a Man. taKItic Indtl nf one of tho ^>A\t“eps with his 
tnrn all the ndlors about: but when the ean.‘s tire put lietw.'.'ii the rollers 
0(1 IirnuKhf for live Oxeti or Hordes ’’ 
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saddle purposes also by the sufrar planters, who were williii" fo pay 
high prices for superior animals of this type. 

That the New England (‘olonies. rather than any of the oth(‘r cdn- 
tinental .settlements, should have become the accepted source of sipiply 
for this demand from the sugar islands, resulted chiefly from tlii“ fact 
that they were the oidy ones which itosst'ssed a surplus of horses a1 the 
time whtm the demand first began to make itself felt, about tlu' tniildlc 
of the seventeenth century. In most of tlii‘ otht>r eolotiies thert' was an 
actual scarcity of horses, as in Virgiida ((>4). Tin' Dutch in .\e\v 
Netherlands, it is true, did actually e.vport some horses during the year 
16o0, but an act was soon pas.sed whiidi forbade such shipimuds (t!.')). 
It thus came about that in the early days of the sugar iiidusiry in 
the West Indies, New England lunl no nad <’ompi‘1itor among the eim- 
tinental colonies in supplying the growing demand foi' hors('s for th(‘ 
sugar plautatioiis. \’irginia furnished many cattle (fiti). and aftei’ 
1700 the colony on the Iliulson River, by that time in English Inuiils, 
again began the shiitiueiit of horses; but New England's leadership 
in the trtule was tiever s'eriou.sly threatenetl during tin* eoloiual periiid. 

The continental American colonics proved to Ix' a eonveident source 
of supply to the sugar islands of the West Indies, not only for horses 
and eatth? but for man\' other commodities as well. T1 h‘ trade in 
horses, in short, was an integral part of the much mort' extensive eoiii- 
meree which grew up between the West Indies and tin* northern lb'iti>li 
colonies ^vhereby the islands were su|)plied with timber, hoards, staves, 
fish, and provisions of all sorts, in return for sugar, molasses, rinii. ilye- 
stiifFs, and. most desirable f»f all, Spanish dollars and bills ot exchange 
on London. The c-xtent of the export trade in hors(‘s at any ])aiiienlai 
[leriod. therefore, was influeneed by the condition of this coimii' ree a' 
a whole and by the changes that took pbu-e in the sugar industr> 

Wars, acts of Parliament, competition between the Islands in ''In'i't- 
all ftietors that tiided, hinderc>d, or (dianged the direction of this Ingei 
tr;ide —h had their efTeet on the »‘Xportation of hors(>s. Certain nets 
in the manufacture of stig.ar which took jtlace during the first n ’ ' 
the eighteenth century ;ilso tended to decrease the demand t"i 
Since, therefore, the hors<- raising that developed in New I hint 
d^uring the later part of the colonial jieriod was essentially dep' n '' 
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this I'xport trade, it is necessary in any further treatment of the subject 
t(i ('(insider in some detail the rise and development of the sugar industry 
itself. 

lUSE OE THE SI'(J,\It INDI'STKY IN THE ItKlTISIl WItST INDIES 

At the lieginning of tiie seventeentli century. Europe \v;is being .sup- 
jibed witli sugar niainl,\' liy tlic Port lei-ncsc, from Madeira and. more 
i's]iecially. from tlndr settlements on tin* mainland of South America. 
Ill Hra/il. The Knglisli also had iirobably jn-oduced some sugar in 
Smith America, from Surinam, liefore ceding that colony to the Dutch 
li\ the treaty of Hrcila (tiT), but it was not until they liad established 
11 •'('tt lenient in Harliados. one of the Windward Islands, that tliey began 
to he serious com])etitors id' tlie Port iignesc. 

The colony in Barbados had been settled for some time before 16d0. 
hut for a considerable jicriod it had produced only indigo, ginger, eot- 
tmi. and " had tobacco." which brought in Init moderate returns. 
Siiiiar culture was introduccsl in or about the year Ibl'i. and liy 16.10 
die planters had grown iiroficdcut in its production and were shipping 
it to England in consider.able <|uantitics (6S1. The nc'w industry met 
«ith remarkable success and within a few years the island had become 
'ei'y pros|)erous; lands had increased greatly in value, and the planters 
had amassed great wealth and were found living on a scale of surprising 
P"mp and lu.Miry. In Ititil King Charles II created thirti'cn liaronets 
b'eiii among these planters, none (d’ whom ais' said to have had an annual 
lllPliliK' (){ It'SS than tlOtlO and some ef whom had more than £10,000 
a ,'eai’. In the same \'eai' the trade of the island is (“stimated to have 
'ii|ipmle(l more than four hundred ships and the value ot the e.xports 
IS |il;i( t'(l jis liigh as C.'iOO.OOO (1)91. 

rill LU'eat success of Barbados stimulated the growing of sugar on the 
ether islands of the British West Iinlies. St. Christopher twliich the 
'’'"'-'I'll share 1 with the Erenchl. Nevis. .Montserrat, Antigua, and 
histb afiep its ca|)tur(' from the Spanish in It!.).), damaimi. all came 
nitii I,, market with sugars and the trade grew at a rajiid rate. 1 he 
•^•1'' ion Acts, confining this conunerce to British bottoms, soon nmdc 
the chief sugar marl of the world, whence tlie |)roduct was 
ted by British merchant.s. Engli.sh sugars undersold those of 
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the Portuguese, juul by 1670 the latter had been foreeil out of prai-t i. allv 
all tlie markets north of Cane Fillister re (TO). 

KAKi.v KXi’oinwrioN i.k .\i:\v kxui, vni> iioiisr.s 

The rajiiil develoi>ineiit of tile Ilrilish sue'ar isbmds ealh'd for iiiial 
i[iiantities of supplies to ean-y ou the work of the j^lautat ions, aiel, 
siiiei* the islands had few lesourees of their own, im|)ortatioiis wrrr 
neeesNary. Pro\ isions from In-laud. Niaves from .\friea. shoes ami 
other manufactured gootls from Fiirope, as \\<‘ll as the pi’oduels of tlie 
eoiitinental British eohmies - th<‘ nature of which has alrc-ady hren 
indicated — all were hrouglit into the islands, ami of these' siiiiphis 
hors('s were a not unimportant item. 

In the earliest da.vs of the sugar industr.w trade was still fice and 
the Dutch and the Portuguese seem to have furnished the British ishiinls 
with as iiiany horses as were ite»‘(h'<l (71). With the' stoppage of this 
trade by law ami the inereasing (b-velopineiit of the i>lantatioiis. how- 
ever. recourse was liad to [•Inglan 1 and to Xi-w Knglaml te> sipipl.N tli’’ 
ileniand. During the perioil betwei'ii 164!* and llibS the importat ions ol 
English lioi'ses were es[)eei:dl.\' numerous. In those yeai's there aiv 
reeoriled. in the British < 'olonial Papers forty-eight dilTereiit ]»erinits im' 
••ueh shi])ments. for a total of mor“ than nineteen huiulred tiorsi-s > 111 
England eoutiiiueil to send hors<'s until as lati' a'; 1667 (76). bat ili" 
lowing in lfi.74 of an export duty of 2tt shillings a hea I (74' eiit dor" 
the numbers eonslderably and Imstemd thi' shift in the trade b\ wind' 
New England at length be-ame ;diro>| the side source ol sup|d\ lo: id 
islands. In that region there was no eximrt duty except in bass.i 
ehusftts Ba.v. where it was onl.v sixpence, and the cost ot 1 raiis|i"i 'e 
tion was much less because of the shorter distance, wliic'h resull' l nb" 
in much smaller losses in transit. 

The trade of .Massachusetts Ba.v with the West Indies had a I'l} 
been established before the proluelion of sugar in the Bnlisli 
had come to be of im|)orfanee, and so it is only natural that " 
lisr' of the lattir industry and the demand for horses the 
surplus of New England animals should reei'ive the advantag' 
outlet thus opened. As a result, horses were being shipi" 
Massachusetts ports fully as early as from those of England. 


i riiiii 
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;|ic I'casdiis Ili(‘ inniihcrs cxpoi'lcd soon cxccodcd those from the 

Kii'ili'h jioi'ts, ( oiiccrniiiLr t he hf^iiiniii”’ ot tliis ti'adc Winthrop 'writes 
in lii47: “ It ])l(‘as(‘(i tlio I.oi'd to open to iis a trade 'with Barbados 
and the otlier islands . . . whioh as it proved gainful, so the 
I'liiiiiiiodit ies wldeli we had in exehaime tor our cattle and provisions, 
^ue'ar. eotton, lohaevo, and indivo wcia- a e'ood help to discdiarge our 
I'lieau'enients with MiiLrland " iT.h'. 

As to whctlier there wei’e any hoi-^es amon;r these “ cattle ” 'which 
\\ Hi t li r<i] ) states wei'e hi'ing sent to the West Indies, there is no evi- 
iViiee. Th(' record ot such expoi-ts is. in fact, mtndi like that of the 
l•arl,^' imports into tlu* i-ountry. and specific mention of such ship- 
iiii'tils is iuit triMpieiit. lAcn thoiiedi mere yeiieriil statements, such as 
these to be founil i 2 i the |■l‘po|■|s t;, tile Bnai'il of Trade in London, 
:iidii-,'i 1 1' that the\ were takiiiir plaee. In Itids Winthrop notes in his 
.teiii iril the presence ol' a ship " l\ine hel'ore ( 'harlestiiwn with eighty 
herses on board boninl for Barbadoes " iTtii. and tliis is probably the 
lifsl reeoi'iled exjiort id ion of horses from Xew Ensland to the ^Vest 
Indies. Walliiec stiiies I 77 I thid there wiis ;t shiimient of eighty head 
in Ihbl. bid 111’ does not eive the soiiree id' bis information and it is 
iiini'e than iirob.ilde tlnil it is tliis exportation of ItidS to whieli he refers, 
iinismiieli its tin' demand for horses had hardly bognn in Barbados as 
eirl\ as 1(140. 

Idle export, at ion of horses I'rom New Kinrijind in 1(14.^ or Iteforo was 
'''id’ Mtl\ not limited to this one ear’.:e. In wexer. for a writer who styles 
Imiisi lt' Beau<diiim|) I’lantiojfenet. desorddne: :t \ isit to Barlmdos in that 
.''■ii'- slates tlud ■■ Nee. Kimland scmleth hors.’s and Virginia oxen” 
iin'ii the siioar mills in the island M's'. In li’>4lt the Alassaehusetts 
I'l.' I'oiirt piissed .an iiet fnrbiddi'nr the exportation of mares and plac- 
ing ,1 tax Ilf six))enee on exer.v rrebliinr sent out of the contitry (.79). 
Ill's xMis obviously an elfort in the in.iiii to proleet the breeding stock 
' ' ' are;n ami .Massindiusel t s l>a\' nmed tba' similar ]irobibitions bo 
d by all till' rnited ('olonies of Xew KiiLdand. The eolony at 
daxeii was the only one to .act on the reeommoiidat ion (SOL and 
''' "loiitli ,aiid Khode Tslatid there eontiiiued to be no restriction on 
'litniients. d’biif sindi a law was lonnd desirable in Alassaebusetts 
le partly to milittiry eonsiderat ions, but the tael serxes also as 
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an interestin" side lipht on the extent of the d(‘niand for horses, ['m. 
it is clear that at that time there was no ^n-eat scarcity of them in llio 
regrion. 

The trade heUveen iMassachiisedts Day and liarl)ados was moin ni' 
less interrupted during: the period of the Commonwealth in Englaml. as 
a result of the refusal of Darhados to submit to the new authority; Imt, 
in greneral. the exportation t>f horses from the colony coutinueil on a 
eonsiderahle scale, and there is much evidence of the ■rrowiii'r deiumdciui' 
of the islands on the New Koj/hnid rcfrion as a sourci' of supply, 'flic 
report of the Commissionei's for New Kngdand to the Doai'd of Tradi* 
in London in lC6o states that Massachusetts exported fish, pork, liecf. 
horses, and corn to Vir<'inia and Barbados (Sil). Inasmuch as Imrscs 
are not mentioned as a lU'odnet of any ot ilu' other colonii's, in the 
report, it may be inferred that the re;rion about Massachusetts Bay was 
still the chief source of supidy amou<r the continental colonies. In 167d 
Captain Gnrpes was instructed by tin' Assembly of Barbailos to insist 
to the Engdish Parliament on the dependenc(' of the island on X(‘W 
Engrland for “ boards, tindier, pipe staves, and horsc's, " to the end that 
no acts mi<rht lx* passe<l whiidi would interfere with tlu’ trad(' And 

in 167') a certain “ Mr. Harris of New l^iiirland ” jravc an acianuit ef 
the trade of the country, in which he says that “ to Barbadocs in 
exchan'ic for horses, beef, pork, butter, <diccsc, floor, ))(as, biscuit, 
have sugrar and indigro ” (H.’tt. 

In 1700 Mas.sachusetts Bay was .still sendingr lari'e numhers ot hoiscs 
to Barbados, and also to the Lc«-vvard Islands and to Jamaica. 'Inward 
the end of the centui’y. however, many of the horses shipped were 
animals that had been raised farther inland and had been drivim con- 
siderable <listanc(’.s to be sent out from the pfU’ts on Alassarhusi tb 
Bay (H4). This is shown, for example, b.v the con’es|)nndencc ot Waiti 
\Vinthrop with his brother hitz-John, of Connecticut, by vliiCi it 
appears that the latter was sendinsr horses overland to Boston li ' C! t"'' 
plantation on Fisher's Island, in Long' Island Sound (So), Ik' 
thus taking; place a shift in the raisiiio of horses in Xcw Lin-d ' ' 
which other regrions than that about Ma.ss;ichu.setts Bay were ■ 
to be of increasirigr importanei’, es|)eeially as regarded the expoi 'j 

As the settlement of New England pro<-cedcd, if was very 
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('( i\ I' tlifit tlioio \\ 01 o oo^i'tinii jirotis in EhoOo Tsluiicl Riid. in Coii- 
lucticiit which wore much liottor ;i(lii|)to<l t<i the raisin^ of livestock of 
all kinds than the rofrion first sc'ttlod (Sti). Those more favored areas 
loiind inuinlv in tin* ujipi’r valkw of the Connecticut River, 
aldiijr tlie sliuro of Loii”: Island Sound, and about Xarrafransett Bav in 
lihodi' Islaiul. llcu'e jilonty ot l<-vel. woll-watered pasture lands were 
tiiiuid. .swam]) ■rrassi's wldolt made >rood liay were alnindant. anti in many 
jilai'os the frray.infr ariuis were inteiNoctod with salt-water ponds and 
lagoons whiidi siu't’od to si'pai’ato pastui'o laud Irom ('orntlelds far more 
( Ih'cl i vely than any tmua' eouhl have done. The dama<j'es and end- 
li‘ss dilheulties I'losultiu^ irom tree ran^e in other less favored sections 
made this last-nameil ti'ature one ot no mean advantafre in the raising 
111 livestock and in the improvement ot the hreeil. The few cattle, sheep, 
and horses w hiidi the first settlers in thes(‘ regions brought with them 
wei'e soon augmented liy otiu'rs. and before long the obvious agri- 
I'liltural advantagi's of the new areas were being u.sed to their full 
(Aleut. 

With tile coming of the demand for shipment to the West Indies. 
Iiersesand cattle were soon ladiig raised for expoib in these more favored 
dMiieis. Some horses were apparently heiiig sldiiped from Newport 
■IS firly as Itidti. but theic is >,,1110 (piestiun as to wliether this particular 
sldpiiieiit dill not consist of horses stolen from Massachusetts instead 
'1 iiiiimals raised on Narragaiisett Bay In 1(177. however. Cap- 

t'lm •lohn Hull wrote to one of his partners in the Pettii|namsent Pur- 
duisr in lihode Island, jiroiiosmg to Iniild a stone wall across Point 
•hiilitli Neck, ■■ so that MO mongrel breed migiit come among them,” 
mid til imisii j) breed of “ large and fair horses and mares " for .ship- 
’iiriil to (he West Indies <SS). This jilan a|ipears to have been put 
"] II I'.i) j|,,| f,,,, long afterward Hull wrote to a resident of the 

disirici, n certain William IletTennan. accusing him of stealing horses 
‘"id iilicr tartly ofTering to give liiin some horses that he might have 
^ “dicr need to indulge in such piaetiees (M*C By KISO horses were 
sliippe,} from Rhode Island in snt1i<dent ipiantities to be men- 
h.v (lo\ei'nor Sanford in his reply to the impiiries sent out h.v 
‘ds o| 'I'rade and Plantations, in which he states that ‘‘ the jirinei- 
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pal matters whieh arc exported anionj' us is horses ami [)io- 
visions ” (90). 

In C'oiiiieetieut, alsd, horse-, soon came to he a reeoirnized eoiiiiiiiiilnv 
of trade. From the towns on the ui)per Conneeticiit Kiver, as iut,. n., 
16S0 many horses were l)eino driven overland to Bosloii to lie m)!,], 
pn-sumably t'or tlie export trade d'lie coast rej'ioii of ('oiiiu'cti- 

eiit had before this time bejnin a direct ti'ade with lln- ^\d■st Imlies. 
In 1667 it is recorded that a vessel liad been si-nt out from Xew hoiitlnn 
bound for tlie island of Xevis, from wliieh twenty-six lioi-ses weie Inst 
overltoard in a storm (92). Such othei- evidcnei- as is avaibd)ie iiidn atrs 
tliat tliis wa.s not an isolated sliipment from Xew London. Tliis jmii 
was, in fact, so situated as to draw not only on a faii-ly well-adaptid 
livestock area in roniuH-tieut. but aLo on the most important pait if 
the Rhode Island are;i. and with the development that eontiinied tn 
take place it in- time became the chief center for the exportation nil 
horses from Xew Enoland. In the ])eriod before 1760, howioer. Xr\\ 
London luid but made' a beirinninjr in this trade, ami this was .iLn tlir 
condition of Xewport, l’ro\'idenei-, and the river towns of ( 'onneet leui 

itousK stkm.im; 

One further development took place diirim.' the period .just deseiihnl, 
which casts an interestin;' side lipht on tin' extent of the e\|)oit traiL 
in horses and its etfeet on tlie Xew Kn^laiid reeion ’Phis was the einw- 
in<r prevalence of horse stealinir throin^hout all the colonies. One "1 
the ob.jects of the brandiin' of horses and cattle, alreadv desiiilieil. 
was to prevent this practice. 'Phe blander in most of the towns u:isa 
dicnitary of no smalt importance, and as a rule w:is rcipiired not oul,' 
to brand each animal but also to keep a reeoril of the opeinition in 
official book totrether witli a di scriplion of all the natural and ;i ; ! ti' iil 
marks on the, animal and the name and residence of tin- owin I'' 
Khorle I.sland (9-3) and in ('■iiinccticut (91) there wi-re fixed 'cn 
penalties for any person who took or attemiited to tak(> out ot tl i""'' 
any horses or cattle without first informing the oflh'ial hran 
reeeivins' his permission. 

Bra.ndino alone, however, did luil jirovide a vcr.v ciTcclivc '■ 
the stealinft of hor.se.s and eatfle. As the exportations ^ 

and more and more ports were cnifaj'cd in the trade, it licoiine 
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inuly easy to coiKaail such thet'is aii.l tlic practice became surprisingly 
])ivvalent. Miss ('aulkiiis, in her Ihsluni of Xuu London (9o), has 
(le^ci'iliccl as follows the conditions during this period: 

A- dll' Iiiiliii tiiuic i ]]i I cu'i'il fidiii \cai Id icar tlu' rai~iiiir ot lidiso^ liecam> 

i.idlitaMc and many fanner-, entered intd jl 'laryely. f.aniK being uiiinil<,-ecl 
II »a' ea-y Id rnn -m li Ina-e- dll In a ]>dil where tlie mark (.f tlie" dwiier \\a- 
Iint krinun, di tlie maik it-elt ,dnld he .illered, A hold rrner in the wchK mieh. 
(.Iilia|i half a <id/.en linr-e^ with ea-e and. -Iiddtiiig ihein dll' thrnugh Indian laUli- 
liv night, real h vdine |idH in .1 neighhiiniig ■ dldn> ; and hefoie the nwiier ediild get 
nail, df them tlies were far i.ll' ni.i.n the d.e.m. .mt nf reaeli of |irndf. Manv 
|,i-ind dtherwi>e ie-|ieetahle enleie.i intfi tln~ in.nliee i.r cdiinived at it. Alen 
Am Wniild ''din to pdi'kel 'i\|ienii' that hehniged I., aiidtliei ,.eeineil tn think it 
III' iiiiiie Id thtid\ a iidd'e d\ei t hi' hi ad iii a hiit'e ninning ldd„e and to nullify 

|l,.' 'Ignet df the Iiwner m I the in.uk ilijit ilc'ignated their owii 

|i| I |iei ly. 

I’i'iil cssiunal buyers. c;illcd " hor'c Cuursers in tlu' parluuec of the 
time. Went iiliout llic country gnt licring up liui'scs into jmiitids for sale 
•ni’ di'i\'ing 1 hcni to ports whence they were shipjicd. and vt^ry few of 
lliesc jicrsoiis escaped the sU'jticidii III hav mg' at one time or jinother 
cnlargcil a drove liy gallicring into it 'nino to whidi they had no legal 
flaiiii. Persons nf coiisidtirtililc proiiiinciicc also wi'i’c implicated, a.s 
■Miss Caiilkitis indieates; William ( 'oddiiiotoii. at oiii' tiiiU' got’tU'iior of 
IfhiMlc Islaiul, seems to li<a\e h(‘cn out' of ihcsc iiMii. 

Elicit deliiitpieiiey increased irrc.illy in the lailcr half of the ctmtury 
mi'l the disclosures liccoinc more ami more frcijiicnl. lit 166S. as a 
!'i’t‘\cidivc inciisurc. the .M;tss;ndiU'ct is P.av general court orderi'd a 
ti'll hdiik tn he kc])! in every town, in which was to he tmtered a ileserip- 
iidii di (■;ndi horse, , '11111 a voindicr w.is in h(‘ gi\cn 10 the owner to prove 
his !inipcrt\ (97). It was ncccsMii'y to |U'esc.il this vourlier in ease 
"i miy suliseipmnt sale. As has hcon iiutcd. holh Khode Island and 
'•'ill 'cticnt lijid jnisscd laws forldddiiig the taking of hnises beyond 
'll''"' .inrisdiidion unless first rt'corded by the Iiwmi recorder. In l(3d4 
'"'"I i\as Indd at Stoiiiiigloii for the trial of horse eonrsers. Two 
I'l'i'.i'is wnn* convieletl and seiitenceil to pay tines nf Cld tind to f'ceive 
lashes (tlSt. Till' euiirt calls the otVensi- " a er\ ing' evil " ag;iinst 
ill Well-disposed jiersoiis wert“ hound to give aid. lii 1790 a 
court was tiehl at New hondon for the sole piii'tmse ol trying 
thiev(*s, and file peiiallit's for such tliie\ing were made more 
'99). Finally, in 1791 .1 toll hook was ordt'ri'd to he ke])t in 
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every seaport town in Massiiehnsetts, in whieli were to be entered Hi,, 
number, (b'seription, destination, and vesstd on which it was shippi'di 
of every horse sent out of the colony, as well as the name of the (i\\in;i. 
of the horse and his place <»f resitlenee. Fur any violations a tine uf 
£10 was to be intlicteil for each hoi-s»* sent out (100). 

The incentive for most of this steal in',r was. of coiirsi', the expnit 
trade to the AVest Indies, which made the thievinjr both possible aim 
lu’otitable. The' prevabutce and widt'spread extent of this inactiec n 
but one more indication of the impoi’tance and maonitiule of tlu' ex]mi'r 
trade itself durintr this period. It is therefore i)robably no cxa^aci'.i- 
tion to say that by the year 1700, hoi'scs were lieintr raised for shipinmit 
to the West Indies throuf'hout the whoh' New Knoland ari'a — to mull 
an extent had the trade dcvelopc'd in the spa<-e of fifty years. It is 
apparent, however, that by this time a shift was taking plaei' in the 
center of the trade, from its early location in tin* ])orts of .MassaeliUMtl'" 
Hay to those of Hliodi' Island and, cspeciallN’. < 'onneetieiit. 

These shipments of horses were earriisl on the deeks of the vessels 
enj'at'ed in the West In<li(‘s trade, so that nearly every ship emilil 
transport a few animals on tin* southward voyatre. Since the slnps 
en}ratr<'d in the trad<' were numerous and since they usuallx' made lun 
trips a year (101), the possibb- shipments of horses were larj-'e. liy tlie 
end of the |)erio(l, also, a becinninir hail been made in the hiiildne.; el 
vessels with more am|)le deck space to provide room for the Inesteck 
slii|)ments, and these “ horse .jockc\s," as such vessels were eallol 
'102), played an important part in the West Indies trade diiriiiL' tl" 
century that followed. 

I.M ItK.tSINi; liKMAM) riM! NKW I'\(;i..\\ I ) HoltSKS KliOM 170" I" 'T-' 

The exportation of horsi's, which by 1700 had bieonie a well ''■I'll'' 
lished i)art of the tiade of New Kiiv'land with the Hi'itish sucar ((.Fiiif s 
eontiniicfl on an inereasirijr scale dnriiifr the centnr.v that oil'Cied 
About 17t)0, however, the detnand for supplies for the island- 
to be et'catly antrinented by tlm entrance into the markid ol ll" d'lidi 
and I'yeneh West Indies, sv'hich were betrinnintf in tbeir turn to ''^"1’ 
the raisint' of siijrar on an extensive scale. A steady increase 
Kntrland e,\pf,rts was a reflection of these chatn^es that wep 
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placi' in the su^iar industry, and horses continued to be an important 
item in tlie exchtinjjes. In the \ai‘ious ups and downs of the su^ar 
li’adV. thmefoie, is to be found the (‘xjiianation for corresponding 
cliangcs in the raising of horsi's winch took jdaec in New England dur- 
ing, the first half of the eighteenth eeiitnry. 

laaAN TH OE 'I’llE sroAK 'I'RAOi: AND EXCANslON Ol' THE MARKET FOR HORSES 

III l()9iS a dei'i’ia* ol tio' Royal ( onncil n! h ranct' allowed sugar from 
fhe French islands, which were at that time irroducing only small 
(juaiit it ies, to he sent directl.x' to any port in Euro]te. This proved a 
gi'cat stiiniiliis to the development ol the Frinich colonies, and after 
the Ihaice of rtrecht the growth of these was rajiid (lOd), Hartiniipie, 
liiiadelouite, Dominica, ami Santo Domingo — the French colony on 
the island of Hispaniola, or Haiti --all came into the market with 
sugars. Prices fell olf sharply as a result of the increased ])rodnction 
1<I4). and the Mritish islands partl.v. at least, because of the law 
ciiiiiiiclling them to semi their sugar first to England, from whence it 
was re-exported'- fmind it difliciilt to eomiiete with the French, who 
were soon in a fair wa.v to oust the British from their leadership in the 
tra.lc I Id.')). 

'flic continentfil British colonies were not slow in taking advantage 
of th c new outlet for their products which was thus opened up. espeeiall.v 
as the traile with the hhench ])ro\cd to he \(ny ])rotitahle. The French 
li'inie inai'kef was closed to the imixirtation of rum — which, distilled 
ti'om iiiolas.ses, wtts sin import, ant hv product of the manufacture of 
''"gai' ;ind ;is a r(‘.sult the h'rench planters were willing to sell their 
iiiolassfs much more chcapl.v than were the British. 'I'his molasses was 
ragcily taken h.v the New Euglaud traders in exchange for the usual 
l'laii!,ii ioi, supplies, and was Inaiught hack to New England, distilled 
rum, and used to iulvautage in exchanging tor turs and in the 
dlrir.iii slave trade. 

Mi ' (if tJj,, ti’nih' with the Knutch isl.ands was carried on h.\' direct 
\c\ p, their ])orls, and some supplies wen' furnished in this wa.v 

r,,'.' 'I'Mt: to AslUi'.v (Thr lliitish I’nlimirs m Im.nco. vol, 1. iM'P L P 

171 ' Ooiii EntrliiiKl (lurliiir llif iit-rlo,! on, F t aHiuv^Uoi wit,' iiv 

li,,,,' """ lioirslii'udH II vciir; ITIT. ITt'.l. IV.i'llo lionslnsiilv a ,\i'nr. 1,.... liiU’. -'"o 

' ' 'i yrar; I7.'!7 17a!l, not morr than l.'iO li,>t.slicaas a .visir 
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to the Dutch, who were increasing their sugar production in Surinam, 
There grew up in addition a very consideralile indirect trade by wav 
of tlie barren Dutch island of Curai.ao. where the Duteli luid establN|,,,i 
a free port. This port soon became a great entrc'pdt for all the \V(M 
Indies. Here were landed the supplies brimght by the Xew Eiealaml 
vessels, which returned home laden with sugar, molasses, and th(> oilin' 
products of the islands, while the lumber, horsi's. provision'', and oilni' 
supplies brought by them wen* either transferred directly to isiaml 
vessels or put ashore and peildled out among the islands by the Diitili 
at their leisure ( 106) . 

During this tinie New England horses continued to b(' sent, a' 
formeidy, to tlie Eritish islands along with the other eustoinary sup- 
plies, but there is much evideuei' that thi'\' were ('(pially iniportaiil iii 
the trade with tlie Dutch ami the French. At Cura'.ao they wi'ir 
received in considei-able quantities and man\' were put ashore on tlir 
neighboring islands of Houeiray (oi- Bonain*) and Aruba (107). Ibn 
they were keiit until there was a ••all for them in the trade cariied mi 
at ( 'urapao. At Surinam no vessel was allowed to trmle iinb-'s it bn ii'jlii 
in horses as jiart of its cargo ilOsi. and the various repoi'ts to tli" 
lairds of I’rade made by the governors of the continental I’riti'li 
f'olonies indicate that (hi-. Dutch colony was a fi'equent d(‘st inatioii tm 
the horses sent out from their |)orts (1()9., Amither and more I'lUi- 
fidential report made to the Lords of ’I’cade iii 1721 “ Du tin' Si.ili' 
of the British Blantalions in Aniei'iea ” states that '' the ti'.i'i' D 
Massaehusi'tfs Bay consists (diielly iii the export of horses to .stniiii.iin 
and to Martinieo and other French ishm Is. which is a gi'cat diseiun u-’'' 
merit to the planters in the British islands for without tliese li'U'i' 
French and Dutch could not carry on their sutrar trade " (ll<t hi 
1712, Ashley, writiie/ on the condition fif the Bi-itish eolonn'- 'ih" 
notes horses as one of tlm important items with whijdt the Freu' 
the Dutch are supplied by the eoiitinental colonies (111). ai i 1"- 
statement is confirmed by that of otlu'C contem|)orar.v writei ur'l 
esjieeially, by re[)orts of the various British governors to the lb h u' 
Trade in London. 

There are many other indications that this trade in horses ' 

New England and the Dutch and Fremdi islanils was extensiw ' 
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( niiu' Roljert I.owthor, of Barbados, writing to the Board of Trade as 
,,iil\ as 171:), slates; It M’oidd be of groat advantage to this place, 
:inii to all his Majesty s Sugar Colonies, if there was made a law in 
Kiielaiul to Restrain His Subjects in North America from, exporting 
JlfH'NHs into any coiinti'y not under liis Majosty s Dfiuiinion, for the 
Kreiii h at IMartiniqne and (bnnlelupe and the Dutch at Soronam begin 
jit ]'i\'al us 111 the .sugar trade and this is owin.g to the great Supplies 
111 ' Horses they receive from New England'’ (112). Other British 
L'liM Tiiors and nnnu'rous sugar jila liters continued to write to the Board 
it 1 rado ;n a similar vein, jirolesting especially against the trade 
lit'lwreu the northern colonies and the Ereiieh. whudi they claimed was 
111 violation ot the li'eaty ot neutrality ma<le in 1GS6 between Great 
iintaiti and Friinee. 

File matter came to a eliiuax in 17d1. when the British planters 
I're^niteil a petition to Barliameiit with a draft of a bill which would 
'liecilically forbid the eontiiieutal colonies to sell '■ horses, lumber, and 
IH'iiiisioiis' to any but llritish subjects i lliD, Hearings were held 
(111 this bill and niitidi exudenee was brought out to indicate that the 
Irani' in liorses was a very important jxai’t of this commerce. The 
listmionx ot' a certain William I'raser is ,i fair sample of the large 
(uiiniiiit of e\-ideue(' ill this eotnieet ioti. Iti 172!* he claimed to have 
'"‘11 about thirty New Istiglaiid xc'-sels at Mariiuii|ue and St. Lucia 
tiadiiig hordes for umlasses, and he st;ite<l lurther tluit the New Eng- 
I'ladcrs told him that if they lirouglil in sixty horses alive they paid 
ii'itiiiicj for their iiertiiissioii to trade. 

I lie rout iiietital colonies \ igoroiislx- (h'fenih'd their right to trade 
"'’ll !hi' l''rcn<di and the Dutch, and the bill linally failed to iiass.^ A 
I'lii'c and acrimonious discussion ensued, tiuallx’ rostilting in the passage 
"I i'lc soeallei "Mola-ses .Vet.”' whieli. by juitting ti proilibitive duty 
I'S' iui port;it ion of foreign sugar, nu'btssi's. and siruiis. aimed to put 
' 'id to the (|nes1iiined trade. 'I’liis .act. however, because of the lack 
h'i|i|;iic machinery for its eaforeemeiit. could not at thiit tune be 

' ' 'noirri', I ^Inleniciit to tin- « (leil m.-li -■■il.-s .f torso- tn foroisrn snear isl.^nas 
[l 'liiltiti'ti In 17'M ji pp«‘.d r'< in t1i'‘ \n|ti!»i«' on KIdmJ-' T-sltiiiil ron'iniorco, ^^R^5sa.chllS0-t^ 

dl Sinipty. 7tll '*«'! . IH' p 11. HDtO 2. 

,,, ‘I.'.iriri* u. ('Inipfrr pmvhlp.l tor a dHt^ .>f Mxpon.-R a callon on 

' ' Hid sinips. jind (h t\ hundub* ]R’Uiid< on vulmt niipor(dd from mi.v 
plnntnfion ln(«> an\ llriti-'h I'olon.' Imp-irttitions frotn spanisli and 
I,, ' ''"iircos \\R*ro oxnnipti'd. flni'* m.iKuii: lln a<l hi eHt'ot a Inndrnm’o only to 

I'll thr I'lTin-lt ■111,1 tin* l»nf« li 
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made effective — especially since it would have been fatal to a trade 
which had now l)ccome a vital necessity to the continental colonies, p 
was not until a considerably later time, when the restrictions woin 
revived under (Jrenvillc’s ministry, tliat the act really was cnt'oiaa d 
(114). The trade during the period in <(Uesfioii therid'ore continued 
practically uneheeked, and New England still succeeded in fui’iiish- 
iii" all the West bidies with horses as mcU as other suppli(“.s. 

There is little doubt that diiriinr this time horses were* a very inijH]|'- 
tant source of income to the Xew Emrland colonies. They are invariahh 
mentioned first amon<; tin' products of lihode Island in the reports 
made hy the various covernois to the Lords of 'I'rade in London (n.y, 
I'he extciit of the shipments is iiofcsl also hy most of tin' eontemporniN 
writers of the perio<l — ‘‘vast (piantifies of Limher and horses seiii 
out by the New EnjL'lamh'rs " illtii. as one writer has desciil)ed it. 
Some idea of the imi)ortanee of the trade may lx* rained also fi’oifi 
the complaints of the Iliatish ()lant('rs, alia-ady nnuitioned. Ix'eatise nl' 
the supply furnished to their eomjn't itors, the French (117). The 
re[)orts of the irovernors of New Voi-k during this periorl indicate that 
this colony also was e.xiiort in<r some horst's at this tinn* (IIS), hut not 
in sufficient quantjfiis to threaten the leadership of New England in 
the trade, 

co.NTR Tn.Mu-; tn Ki.N<i rm; mnNcii .\.m> i.\i>i.\n w.\k 

Durint' the \'ears from ITo.") to IJtid. the period of the struLf-de hi tweeii 
Franer' and (ireat Eritain for snprcinaey in America, the trade of nil 
the islands of the West Indies snITered more or less. d’he hriiieli 
sujrar planters es[)eeially, heeaiise of Itritish clominanei' on the sra. 'v re 
often in serious difficulties. .Nevertheless, plantation supidies enii- 
tinued to tie sent out from the continental colonies to both Hritish ilad 
French islanrls. The trade with the Fr<‘neh islaiuls was of coni-'i' e'lii- 
trahand, hut through various devices if continued to he condiie'iC 
a very considerable scale, and by this means Frcrndi sufrar and ni''L--'e^ 
still found an foitlet and the needed supfdies wi-n* obtained. 

Some of this trade with the enemy o?i the part of the coni' "i.il 
colonics w;is carried on directly uinler the protection of fiay's oi '''' 
ffrfinted by the colonial crivernors for the ostctisihh' |)uri)osc (d e " 
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ijiii prisoners, and in other ways. A very considerable part of the 
(•(iiitraliaiid tradinfr, however, was of a more roundabout sort and was 
cUVcted throiifrh the neutral Dutch and Spanish ports. At fir.st the 
Diitcli islands of Curai.ao and St. Kusialnis were the centers of this 
tiailc, hut, hein<' broken up in these places by the British fleet, the 
Hade transferred itself to the Spanish jiort of iMonte Christ! adjacent 
111 the French settlements on the island of Haiti, Here resorted New 
Kiiyland vessids laden with the enslomaiy )ilantation supplies, which 
they exehanoed at very ])rofltabl(> rates for French su^ar and molasses 
in addition to brinoino in Europetm ooods ;uid takin't back part pay- 
ineiils in coin (119). 

Thus, in spite of ditlii-ult ies. it was still possible to find an outlet 
fill' .\ew Euolaiul horses, ;ind these eoutinui'd to be sup[ilied to both 
Fi'ciieh and British pbinters. This is indicated, lor c.vample. by the 
('iiiii])laint of (!o\'eruor Hardy to the Lords ot Trade in 17-57 to the 
( tIVel tbiit the New Eni^hind colonies still eontiniK'il to send supplies 
tn the enemy, (iovernor Hanly mentions ;i privateer “ lately come 
into port which re|iorts haviinr sjxikf' several vessels ntf Block Island 
liiiimd for the Indies with horses notwitlistandiu'' the 'rencral enibarfro 
airi'ei'd on by the several Governors " (120'. In 17(i2 also the British 
tlci't in the Bahamas s(dxed a similar vessel bound tor ( ayenne with 
lumber, provisions, and horses i]2P. 

-Mter the eonelusion of pea<‘(“ between !■ I’anei' and (ireat Britain 
ni 17(13, the eommeree between th<' northmm colonies and the British 
'slands went on ns laMore. Betwt'en tjiat date and the boLiinuing of 
dir .\meriean Bevoint on, Innses wi'-e a'-rai.i a eonsid('rable item 
d rM-lian^^e. In the \ears 17(1 and 1 i ( 1. aeeordino to the reeoid of 
ilir Secretary (d' Customs in London, there weri' imported into the 
id’iii'.li islands from “ North .\nieriea a total ol -dilf oxen and 
'bill horses (1221. The trade with the French islands, howexer. tell 
FT '"iisiderably because of the resurrection of the Molasses Art and 
dir ' siablishiuenl of means for its adeipiali' ('iitorei'menl. as well as 
"du ti'ade acts that were ]iassed (12.'t'. 

('liVNOLs IN I'lti; I’uont’i I'toN oi' siovn 
' rldition to the etTeet of thi' eontinued nrowlh ot both British and 
' ' ' snoar jilatitat ions I hroU!-'h,.iit this period, willi the various inter- 
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ruptions in the trade resulting from wars, acts of Parliament, and 
other causes, there remained still another factor that affected the dcinaiid 
for horses. This was a change in tlie methods of manufacture of siiirar, 
which took placi' in connection with a shift in the center of product n.ii 
from the .small inlands, sucli as Harhados, Antigua, and Guadcli)ii|ic, 
to the larger ones such as Jamaica and Haiti. 

The advantages of the larger islands for tlie production of sim.ii' 
were numerous, and they early liecame apparent to Ixjth the Driti'-h and 
the French. In both Jamaica and Santo Domingo there were e.\tciisr.t 
savannas where pasturage was abundant, and tin' planters thus ware 
able to pi'oduce in sotne nusisure the livestock lu'cded for dratt pur 
[loses on the [ilantations as well as some to In' used tor food ; in additinn 
both islands were well stocked with wild horses and cattle Ict't n’ciii 
the former Spanish oceu|iation; iltll' and, lurthei', there was [dciiiy 
of timber to be found, ol a sort whicii could be used in I'onst ructiii'i 
sugar nulls.' In Jamaica, at h'ast, suirar eouhl be cured more ipiirkl\ 
than in the islands of the Windward groUji iPi.ii. .\nothcr lactci' 
probably of more iniiiortance tlian any of the others, was the pivM ncr 
of numerous streams capable of furnishing water jiower tor tuniiir.' 
the heavy cylinders of the cani'-crushing mills (I'Jiii. .\11 oi tlu'r 
eondition.s tended to faeiliiale the [iroibietion id’ sugar, and ;is a iisiilt 
Jamaica and Santo Domitego \\(>re cn.ilJed to increase their oiiipin u 
a more rapid I’ate than the small islands could do. 

The use of water fiower for driving tin' emne mills naturally ri'iiievid 
the need foi' horsi s and ealth’ for this task. .\ similar displac' iin ih 
took [dace to some e.stenf e\en in the colonies not possessed of adeii'iati 
wafer jiowei'. In such colonies resold was had to wind-dri\ on cilb 
and in Darbados, for example, according to Ohlmixon. there weo Ip 
1741 forty mills of this type to one of tlie earlier soid i127t. t' tie 
whole, however, there probaldy remained in opeiation a very eoiisid' iiJ 
number of the older horse and cattle mills, and this, together \m' 
fact that they were still neeiled to haul supplies and to bring the 'm' 
from the field, eontinuefl to make Imrses an iiiifiortant item 

^ Janini^a w/im tnk<*n l»v tin* KnjrlHb from Spain in ninl wa"* fMinKl j , ^ 

wfll wifh am) ralflf lhal It w'l-i at oiui' prnrmvpf! to wiipplv f 

arul tlif nthcr roPmloM from fliiTi' Tlij«< plan vsmh irixun iip. l:tig 

of tho thffirulfy of Knlllntf from Jamnl»}i to fin* WlmhMirtl I-tlamlM rliic fo Itn* v 

V, 
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iK't'ticil supplies foi the sujjtU pluntutions. A.Lso, iii JuiUciicci Rnd in 
SiUito Honiin^o, iii sj^ite of tlnur own ;ihiin<lRnec of livestockj numerous 
instances arc recorded of their coiitiiiued iniiiortation tlirou^’hout the 
jii'iiiid ( 12s). l>iistl\, the <l(‘iiiaiid lor saddle horses was a continuous 
and iini)ortant one in all the sii<riir eoloides and. further, was a demand 
which pfi-ew with the peneiad increase in the wealth of the planters. 
In shni’t, it wonhl s(‘em that whatever decrease in the demand for 
linises may ha\'(‘ resulted fi-oni (he shift in tin center of sn"ar produc- 
tion and ehanyo's in the niethoil of manufacture, such decrease was 
lully halain'ed liy the nu'i'c anji'remile of (he demand from the steadily 
nici'casinp; niimlier ot the |i]antati<ms and tin' e.\tensiveness of their 
operations. 

Tliroiiydiout (lie wliole iieriod from ITuO t<i 1775. therefore, there 
existed in the West imlies a reaily market for liorses wliieh teas taken 
lull advantatre ot hy (lie New lliiyland colonies. followin>r the begrin- 
niiitr alretidy nunle in this sort of trade before 17li(t. lilurin'' the later 
perio(|. liowever, the trade was not contined to the Uritish islands, as 
lnriiierl>’, but Imd ext('tide<l to those belonyinir to the Dutch and the 
breiii'h jis well : it was better oreani/.ed tind on a much more extensive 
'''■ale; and. though interrupted iti xtiriotis ways from lime to time, it 
had come to be an itnportaiit ptirt of the commerce of Now Entrland and 
riinained so until tin' W'jir of the Kevoliition 

l»i:vi:i,()f\1 l-iX (■ (IK ((t\IMKU( lAI. lUMiSK ItAtMXC TltuM 1700 TO 177."> 

The steadily wideiiintr market for burst's which was njieiied up dur- 
niv till' jieriod from 17(M> to 1775 has just bet'ii (’escribed. It is apparent 
”bii, l'|•oIll tlu' eviilenet' Ldvi'ii. that N'l'W England 'took full advantage 
•'I die opportunity for i'X|)orting borsi's wliieb was tlius presented. 
I In rc miw’ remains to bi' eonsKh'i'i'd the r('sidtmg develojuin'nt xvbieb 
idaee in Ni'w Eiigbtinl itself during this same jieriod. whereby 
dc' raising of horses on a eomim'reial scale Iieeanie an important 
l!n' Ory. 

r (be In'ginning of (bis developiin'iit no exact date can be set. but 
ellorts along tills line Ix'fore 1(00 bavi' alread.v been indicated 
exaiiijib'. tile jilans of .lobii Mull and Ids associates in tin' Ib'l- 
mseut I’ttri'hase in Rboih' island. .Most ol llu' early shijunents of 
' to H.'U'hados ainl tin' other nrilisb eolonies jirioi' to 1700. hox\- 


(n 

In 
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ever, were in the nature of a disposal of an already existing surplus oi 
horses. But with the scttloinent of Rhode Island and Connecticut tluM’ 
regions soon adopted the- raising of horses for exjiort as a regular soincf 
of incouie, and their ports at length came to displace those on i\Iassji 
ehusetts Bay as leaders in the trade. 

Some of tlie rea.sons for the development of the industry in the newer 
regions ha''e already been indicated. The broader and more level lew- 
lands, extensive salt marshes to furnish hay. lagoons and ponds to sei\i 
as natural boundaries for the jiaslures, all eombined to give these lagieis 
an advantage. To this should be added tlu' fact that much of ihi- 
abundant marsh and other foraire was easil\- accessible lor boats, winch 
could m;ike their way into the luimberless small streams ;ind iidets aiirl 
there be loaded with little dilTicult y." This was a matter of no Miiiill 
gain wh(*n it is reinemberi-d how ditlienlt it would have Ix-en to ti'ine- 
port such a bulky commodity as hay over the rough frontier roads m 1' 
the perioil. Korain' of sonn- .sort wtis ti ver.v nee(“ssar.\’ part of the caiLf'i 
of the vessels carr.ving horses to the Indies, lor the horst's miisl hi‘ 
fed in transit, and the hay, even though it was conunoidy j)res.sed iatc 
rough bales (129). was an unwieblly aitieh' to hainlle; while the heiM- 
Themselves, if neec-ssary, couhl be <iriven long distances to tin' jieiiit 
of embarkation. 

The development of horst* raising as an ind'isti'y in Rhode Island airl 
Conneetieut went hand in hand with tin- <le\elopment of the coiiinnirc 
of these colonies with the sujrar islands. Its extinit, howevei', niii't 
maird.v be inferred frmn mention of it in the rel'orts of the varnai- 
governors to the Lorils of 'I'rade in Bondon and froi.n such 1 ragment.ir,' 
reeoi’ds of actual shipments as are availal>le. 

EXPOHT.'ITIO.NS FROM KUODi; ISI.AM) PORT'S 

The Rholie Island poi'ts were the first in the new region to emba i 
the export trade, am? eveir as early as 16S1 horses are ?neidioih i I'.' 
Covenior Sanford as one of the “ |)rineipall matters of ex|)ort ’ 

In the next twenty years the shipping had inerea.sed “ sixfold i"' 
horses were being sent to Jamaica, liarbados, Xevis, Antign. 

’ i nrlv ns IT-UI. h(i.v wiih !-)ii|>|><'>l frniii Um n irinii li.v •">'0 ,"ll" ' , 

In .Si-w EiikIiiH'I wliiih wire ||■-B w*-il BiilMillnil. (Elliot, /,'«<«/;/» ii/wn i t'W 
Cil, p. Cl. I 
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Chi'islopher, ^Moiitscn-at, and Surinam (Idl). In 1731 Governor Jenks 
places them fii'st in iinportanc*' amon^ the exports of the colony, and 
stales that at that tinu" thcrt* were ten or twelve vessels engaged in 
lh(‘ West Indies trade (132). Ten years later the number of vessels 
had grown to one hundis'd and twenty (133). Douglass also confirms 
the iiapoi'tanee to the Kliode Islanders of horses as an article of com- 
merce (134), while the K(“verend dames llae.Spari’an. for a long time 
i'e^id(‘nt in the colony, tells of the ‘‘ fine horses which are exported to 
all parts of English Aimudea " (13o). 

New])ort aiul Provithmee w('re the main j>orts of embarkation, but 
many horses wc're shipped on small vessels diia'etly from the farms 
ni tile Xarragitfisett eoimtry (13(i). wliere was found the greatest center 
pi th(“ livestock production. In 174.) Moses Brown, one of the more 
jirniuinent of the Providiuiee merchants, had eight ve.ssels under his 
nianagement, “some to Surinam with horses" (137) ; while the cor- 
rrspondenee of one Xe\\|)oi't firm indicates that during the year.s from 
1731 to 1773 tliis linn was slopping horses as a regular ]iart of its 
eiireo(>s to all the British islands and to Curaiaio |13S). 


KXfOUTATIONS I KOM CONNl'.CTU'l T I'OUTS 


.\t the outset the horses sent out from Khode Island came into com- 
petition with those that continued to be sent from the IMassachusetts 
l!a>- l■('gion. but before long it was ('onneetieiit that had come to be 
the idiief rival in the trade.'' The rnieweil eni'oreement of the Molasses 
A'l al'tei’ th(' close of the war with Eranee in 17()3) dealt a hard blow 
to the eomineree of Rhode Island, whi«4i had been the chief center for 
the distillation of rum from the molasses I’ceeived from the French 
bhiiids,"’ and with tlu' eonsiderabh' decline in its trade whiidi followed 
"cut a lessening of the ex|)orlat ion of horses t rom its ports and a partial 
dui-rsion of the trade to the easily ae.-essdile outlet at Xew London 
hi • onnectieut, where such shipments had for some time been well 
''^iidilished. 


Ill, 

lu- 

ll 


;ii 

III 

It.. 


.Vfwjutrl rnptntii in IT.'M qnaiiilly (o bi-s «»\vnt‘r*^ llinf bp bns boon 

t" tilspttsi* ttf bis oarpt tif bor-os at AiHicua '»p«an'-o “ liiort- wa-s :> Ni’w Uoiuton 
itoftiro I laiitliai solil iliori' bor*««"' h»r tow a 

• < ts IIis)«irioa) I'nib'ftioi.". Ttb s-tT . vol b m* (>. . P- 1 • > 

' farnn'r prdliihll ivi> «lnl\ of n ualbMi was rptitit i'il ni 1 id 4 m tliroii'onxp . 

JKt was ntially rfpfalfil in atiil a ia\ of ..nl> tato vyiuw a Ljallon was 

"'I insli'inl. lint Ibo war aiul il.na*s. iJbmip fitmiiiprpp Mitit'itui 
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In addition to tliose shippo<l I'l-oiu Now T>ondon. many Conncitunt 
burses ■were put directly aboard sliip at tlie towns on tlie ('oniicciicut 
river, especially at Windsor, which had a considc'rable trade \\i1li tlii' 
West Indies tlotM; aiid after llie middle of tlu' century, eonsiiliiii|ili‘ 
numbers were sent out from Xcw Haven. Xcw liondon, how(‘vi‘f, \v;o 
the chief point of embarkation, and m;my horses, as well as otliei- li\(, 
.'took, were dri\en in fi'om other colonics to bi' sent from there (u ih, 
southern market (14()i. All tlu' < 'onue<-t lent vessels wcu’e suppu'-eil in 
clear at this port (141 i, ami muiic of the rivei' vessels undoulitrdi) 
took on boanl their earyoes of horse's tlu're (142), altliouyh, ai'enrilnr; 
to ('aulkins, many sue'li M-^se-ls " slippi'd ovi'r the liar imeoiinted aihl 
sailed directly to the Tmlics (14:1). 

This commerce of the ('onueetieut coast towns was well kiiuun. 
James Feniiiiore Cooper, in om* of bis tales of frontier life wntti'ii at 
a date ilXl'Ji near enouyh to the heyda}’ of this ti’ade to have eiialilid 
him to yet direct testimony as to its extent, puts the tollowiiiL’’ in tli 
mouth of one of his characters: “ I have been down at tlu' inonili nt 
I’oth Havens, that . . . named afte!- the capital of Old hnalcitHl 

and that which is called Haven with the addition of the word ' Nrw 
ami have seen the snows ;ind briyantines colicctiny their diioes hk- 
the ;irk. beino outwaril bound . . . for barter and tratlic in Inin' 

footed animals ” (144j. 

The Connecticut \cssels were mainly sloops and sehooneis. 'iii.ni' 
decked and without to[)masts; and. uidiki' those of the other eoloiMis 
thev were cnyayed almost entirely in the Wist Indies traile. inil'ni- 
two trijis a year. In Xew Tamdon, however, thei-e were hiiib '"'H'' 
lartriT sipiare-riyyed shi[)s, with more amjile deck space desien d i" 
facilitate the tratisportation of larye caryoes of livestock. 'I’hese Ini'' 
jockeys.” as they were called, have alrejidy been mcntioneil: ■ m "I 
them .sailed from New I/Ondon in ITHJ bound lor I'arbados with 
five hoi'scs on board, and later otln-rs wei'e built which could e:ii ' 
yreater numbers (14o). In 1724 six of these sliifis left port r 
all freiybted with similar caryoes tllti), and in 1741 three ai' d J' 
Antiyua with so many burses as to completely swamp the mark' ■ ■ b 

Taken as a whole, the commerce of Connecticut increased ver,\ '' 
duriny this period and continued to increase until the beyii 
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lli( Kcvoliitionju'v War,” and from all llic evidence available it is clear 
III, 1 1 the ex])ort trade in horses played no inconsidei’able part in this 
ei'iiwlh. Horses eonliniK'd to be sent out from Rhode Island and 
Massiehiisetts iiorts, but it was in ( 'omieeticut, and especially in New 
Lmidon, that tlu' tradi' finally eann* to be mainly centered in the period 
just bel'ore the Revolution. 


SOI in i.s oi' sri’i'i.Y rou Tiri: nxeuirr traue 

Siieli an extensive exportation of horses from the Cnnnectient and 
llliMile Island ])orts as has jiisl been deseribed indieati'S the raising of 
tlii in for this 4 )urpose in larire numbers ami o\i'r a xery considerable 
Itetails eoneernino' siieh horse breeiling. howexcr. are very meager, 
lloises xxere pi'obably raised to some extent bx- all the farmers in the 
I'l'eioii in response to the sieadx' demand that existed.'- The various 
I'.ises of ho"se stealing found in tlu' court records, as already described. 
:is well as the presence of the sieealled ” hol'si' coursers " xvho XVCllt 
alxHit the country buxiinr up animals and drixing them in herds to the 
seiiits of shipment, xvoidd indii-ate that this xvas the ease (14S). 

Il 'i'e and there throughout tin- tirea. however, xvere certain favorably 
s'lii.ited districts where the breeding of horses and of other animals for 
I'xpert was much more speciali/.eil 'I'his xxas ilu' case, for example, on 
I'islier's Island, .just otV the mouth of the Thames, xvhich was given 
'A'l' almost entirely to animal hushand’y il4!tt. .\lso. in the Con- 

Uixfi- X'alb'y the renioii round about Windsor seems to have 

i"'rn anotlier such center (bltti. Hut by far the most extensive and 
''ap"i'l,int of these speeiali/i'd areas was to be found in the Xarragansett 
'lisiiie( of Rhode Isl.amI a region so famed in the annals of the time 
Ini' uo’eat flocks of sheep, its dairies .and cattle, and abox e all its tine 
Imr'.i s, as to hax'e been unfed b.x most ol the eoiilcinporar.x’ writers of 
the i.i'i'iod. 


lilt- nioiilii-r .if ('■.loii'flii'iir A-i-s-i'ls inoronsoil froni 

'hly, with .a total 

‘11, Kfimoiinc nuil 

1) ) 

tnvfuttiry of .Tull!} Wniu I omlon. in 1T4< shows: tht' jirt^uisroinont 

I I'* till ijinnrr’N ..t ih.M f m'urn s,d\aiii<. t t oiirut'-- 

lil.Tlp. r.H h.'ti.l nf liiMli’ '‘1-’ '.h.-vp. ;|||.1 NJ hor^O' iii.iri's .•Hill fits ((niiiKiiis. 
Alt/' f.tnnlon. p. .'M.'it, 


iho ITr.'i /niil l.’TI lh.‘ j»iitnh«‘r «if ( i-ii r vhsvpN 

'ix. with ;i pitiil Imrili'ii nf ton**. 1'* limnlrtul tin'l I'iirhl 

'•r 1 1 'ii'HM I’ l irtJl NriliMf** p •• t it'iI h\ \\ t'l'ih'ii, 

of V< }/• Mil ‘2. p T.’iS 1 

1.. ... . * < <<• . ..1 .s V .. « :•! iTJx: vliixwii I 
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Tin; N'ARRA<!AXSKTT IT.ANTKRS AXI) THKIR HOR.SKS 

8tri(‘tly spoakinfr, tho Xarra^aiisott couiiti’y onihraiaMl all th(‘ lands 
occupied by the Nacrajranset Indians at the cinninjr of the Knalish- 
but in the i>ai'lancc of tin' time the term ('anie to be ai)]ilied to a part of 
this territory eonsistinjr of a strip of land about twenty mih's ham- and 
trom two to four mites wide, 'riiis (‘.xtinnbsl alons' tlie western slnnc 
of Xarrayansett Hay, from Wiekford on the nortli to Point .Iinlith mi 
the south, and thence westward aloiijr tin* coast to ineliule thi' Chaniiilaii! 
tract in (’harlestown. It was on this fertile, well-watered ])lain that 

tln're was develop(‘d a reyion of lartre and iii'c'tentioiis estates -tlii- 

homes ot the Xarrayaiiselt planters, so ealhnl -and here was found a 
tyiie of aofieultnre and a social order unlike anythinjr to be found I'be- 
where in X^ew England. 

( hannin;'. who has had a<-eess to the local town records of tlu' aiva 
and to various mannseripts and family paiiers, deserilies these Xar- 
raoansett planters as follows ( l.')l ) : 

I'nlike t lie •aln'i' Niss Kti;il,onl ari'Oiiral' i.f llii-ir lime t pcopli' .Irniio 

tlitur iioiii till' .nil ainl ii.,i t'lmii -iicir.- in iru'i i-.ml de itiUinilmi'. Tlr’,' 

loriiMMl a larnli'il an-tiMiacy svlmli liail all ilif lU' a lainli'il .iri.u«i,iii 

to as jfreat an lAtmit a- did tliat ..i iIh' ...iitliiMii l•.donil■- N'lWai I lll■ll■" lln’''' 

N:i I rajjaii-ft t tuaj'iiatrs \\cii- not |daiiti-rs in the ii.ii.il and roiiiinnidt aM(|iiia 
meaning of the v\oid. It i- *ttie en'^ueli that the\ ii\e(i on lai'oe i.olaird l.oiii' 
'UITolinded liV all the (•oin|i .Old .ijipaieni [>io,|iiTitv that a liorde id' 'lao'. midl 
supply. tint if one look' hene.ith the -iiifaee. he will litiil that the loiiiine ef 
their dail\ loe. ua- eiitiiel\- unlike th.il of the \ iieiiiia planters. the kaiULMn 
.ett’s wealtli was deiivecl not »o niiii h lioni the ■ iilt i\ at ion of any eie.it .l.iliir 

like eotton or tohai eo, 'as tioni tie* piodnet ..f llieii dairies, iheir tioeh. ..I 'I 

and their droves of splendid hor.e., the onie faiuons Naiomaii.ett paiei. In In"' 
ttiey Here laree laree for tile phn e .ind epoeh 'tnek fiiiniers and daii'ni'" 

Tills reffion w;i.s from the onisel one of laroe-seale aorieultural opeia 
tions. IJooer Williams had peiielrtited the .urea some time hefore Ihdi- 
anil in Hi41 Kiehard Smith had lioiiLrhl ;i tract of dO.OOO tieiu i'"'" 
the Xarrajranset sachems and had erected ;i hou.se (l.’)2); lint 'I U'*' 
settlement of the area did not proceed at a rapid rate until . 1 '' 

Pett iipiiim.seni Pui-eliase (l-'ii!). made in KJ-'m by .lolin Hull 

tree shilling f;ime| and ii number of jtssoeijites, juid the Atliero - m 
chase (154), mtide two years later by a eom|niny Inuidi'd 
Ilnniiihrey Atherton and -lohn Winlhrop, of ( 'onneet ieiit . 
ifroii|)s of owners bent fheie elTorfs to obtiiininf' settlers for tl" 
ini's. Evident.1^% lieean.se of tlie many initnrid ad vantages oi 
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tioii. Iliey little difficulty in achif'vinfr this result, for in 1670 a 
letter from Major Mason to the Coinmissioiiers of the Colonj^ of Con- 
iierliciit stated that the hmd was af that lime mainly taken up with 
fiirms. some of whieli were five, six. and even ten miles sipiare (155). 
.Idliii Hull's jtlan in 1677 for horse lireediii'r on a lartre scale to get 
Iriue and fair horses ;ind marcs “ for tlie West Inilies trade is noted 
elo'.', here and is another evidence of tlo'sc large-scale operations. Hull’s 
M'heine wiis a rathei' ainliitiotis one. He planned to hitild a stone wall 
acivss Point .liidith .Veek, ulii<-h would have' iindnsed a peninsula 
,i|)]iroxim;dely five miles long :ind having tin average width of about a 
mile. The ohjeet of the wtdl was to keep out mongrels and strays so 
that the ]danters would thus he able to hreed u]) a stock of horses of 
•.iipeiior eliiirtieteri.sties for 'shipment to the Indies. Hull goes CA-en 
further jiiid siig'gests to his ptirtiKU’s. " \\ e might htive a vessel made for 
tliiif service, aecommodtited on |)urpose to carry off horses to 


mh tint age " (156). 

Till' wisdih of the distrii't ineretised steadily tip to the time of the 
lieviilut ion, and full use wtis nnide of the opportunities tor animal hus- 
liiiiiilrv of an extensive sort. In 175. i Douglass tiotes tlmt tor New Eng- 
laiio ■■ th(‘ most eonsiderahle farms are in tin* Xarraganseit country, 
and that the hirgest of these “ milks lid cows, cuts about 200 load of 
ha) makes about Pt.lHKI wi-ight of idieesc besides Initter, and sells off 
leiisiderabl V of etdses. ftittial bidloeks, and horses (1 d 7). In 1747 
■Smith Kingston, the center ot tlii' Xarragansott region, was assessed 
f"i' the piililie eolony rate ;i sum oiil.v a little less than that for Proxi- 
dmice and aliout half tlmt for Xew port ib>Sl: in 17.s0 it had heroine 
la till- the riidiest town in Rhode I'laiid, paying double tlie sum 


assigned to Xewporl and two-thirds more than Pro\ idenee ■ ( 159 1 . IMosl 
"I this Wealth was ap|iareu1ly derived troiii agrieiiltural operations. 


Id ' ir rattle and the output of 
"I I. ', I line to the Xarragan.sett 
I'i'ni a,.t ,||' ^),,, t'egiou at hsast 
' was a breed of .saildie 


their dairies wen' an important sourey 
idaiiler^. Hut liy far the most noted 
toward the middle of the eighteenth 
horses which tliey developed.’' These 


nf 1 
'I 111, 
lui, 

I'lti 


I'fi fiTi-nci* fur iijtiii’.-iri-d ;il an farU ilalr and 

I nf 111,. Narrairaii-.-lt- lli.-ni — h.- tlin'iiali 
io. Wii,Uin,|, wrlO- fn.in ItoUi.ri in im r.m. nin,^ i . a 

'll,. “I nn, nir, ri'il C.'.o l.nl U lln- Iwg 'i', , , 

'H'h Ih frniu ordin.'irv d 11 d*5 hk • i •» ,s 

MaKsailiii.ii'IN lllstnrirnl Sm-lil.v. I'nlli-i linii'. .mi sir. m'i. 1- 


anil hrni'tlniir 
, ( iMsitriD'd f'' 
bruiiT HPiirpr 

” ( Wintlirop 

{ U) 1 
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wore the famous Xarraf'aiisc'tt paecrs, wliose praises were suii<,' hy nil 
tlie eoiitemporary writers of the peri<Ml and tales of whose remarkable 
performanees still liimer as part of our Ameriean horse lore. 

The best description of tho.se unusual paeinijr horses is iriveii ni aii 
article on American attrieulturc in the first Ameriean edition of ilie 
Ediuhurtrh Kne_\-elopedia wntli-ii alsmt Is:!!) by Hobiot loMiie 

ston. The des<‘ript!(m reads as follous; 

*riu*y luimNoim* foiflitMti**. thi* In-ad < tin* him k tin* aim** .nid Im’- 

thill and ta|M*r: tin* hindtjuai ^ ait^ ii.iii«»u and tin* lnHk«* a litth* t'lmnki’d. wlnih 
i** )ior«' f*alh*(l -‘ii*kh‘ lnifk«*d. whnh tilin'* flu* iiind tart ‘Mi' .i iil!l»‘- tlifii Milnr ]s 
f^ncrallv. tlion^h aluax", hii^lit •'oind. tlh\\ art* \t‘i\ •'iniiird and (aii\ Im;]] 
head and tail lii.^di. Hut what i' itin-si i »nnark.ihl.* i*. that thi'\ arnl.h* with m-d' 
S[K‘ed tlian lun-'t*'* tM>t. "o that it i-* ditl’n nit t<» put •*onn‘ nr th*‘iii upun 

^nillnp. Nniw ith'tandm;.: ihi" i.uiliiv ni anddiiiL'. uhrir tin- nmimd nujiiii. - r 
.I's wiitMi th»* !♦ad■* .11*' mn^h ainl 'tnii\ . tlM*\ lia\f a hni’ 'iiiLjh’ tnnh ! tin' 

t i I * niii'-t uith th«*ir Immiilt s*' 1 N "Iiin fiMitml. irinh'i llii-ni lib 

Hru'‘>t «addh* Imr-'f" in the unild. tla-x in'ithrr lafiLnin t ln*iii**id\ r-* inn ihfii iidii 
It i" jjr‘'tit*ral ly t*t ht* ianifiiti-l that thi' invalnahh* iiiffi id' hni-*''- i" imw d!iiin>i 
hi^t hy ladnn ini\*‘d with tin*'** nn|M.|t«*d I'rniii hhinlaini ;ui'l Ir'Mii **ih»'i juni- 
the United Statf'i. 

d'lie stiii'dy ipialities of the N'arrairausett paeers have hecn piTin'iiiati i 
al'o hy damos f’etiimor.' ('oopi'r iii ids i:de. of ihe .Stiierioan 
ness. 'I'lie horses were evidently still ohtainahle in (‘oopi'r s day 'ltd 
and he must louc hecn an admirer of the lo'ei'd. Ini' he hriiics tln'ir 
into his stories freipieiiily. I hi'V aro desrrilied hy ( 'no|ier as lieiir-' 'in. ill. 
sorrel in eolor. ami distinguished liy Iln ir easy paeiiio ojijt and '-'I'l'ii 
I'liduranee. 

.\s to the oi'ij.nii of tlii'si' paei'i's tlo- first distinelly ,\mi I'iraO hli'ol 
of hoi'si's there liavi' hl‘l•n many storu's l•un■ent at one time or ai, "ili i- 
most of which talcs aic ohvioiis|\ fanciful, < tiic ol the most p^'i ''''d 
accounts Is a tradition handed down in the lia/ard tamily. ol Idc.li 
Ishr d, the cjirly menders of which were aunoio the more inp 
hrccdei-s of tile animals. ,\ccordiutr to fids story I lie procrniici 
hr< cd was iiiipro’ted from .\iid:ilnsla. in Spain, hy Depute <■ 
Hohitisoii Mfi’J.. whose estati- the ll.i/.ards iidierited. 

Wiilhiee ( Kid’ll, a modern writer who has irieen some alt' ’ 
the various stories re!';i rd i ntr the orijrin of the Xarracaiiselts. • 
that tliev resulted solely from cand'ul selection and hreeiliir. 
common Xew Kntrland stock, lie refuses to oive eredeiiee to d 


Ml'' 
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(il ;iii ailiiiixtuio of Spanish lilood, first, “ because there were no pacers 
III Ani],ilusia oi aii\ otlin pai t ol Spam, ami seeoncliv, hecaiise the 
Xarrajransetts were a leadin': article of exjiort from Rhode Island in 
piso, tliirleeii yi'ars hefoi'e (hivernor Rnhinson was born.” Both these 
ulijcrtinns niad(' by Wallaci* are of donlitfnl validity, however. There 
ha\ailalile no such complete in lorinat ion retrai’dino the liorses in Spain 
,iiniiio the pmaod in (lucstion as to jiistiry any such sweeping assertion 
as to th(‘ entire alisoiice ol pacers. .\iid. although it is true that horses 
\\(‘i‘c is'port cd h\ fio\(n‘nor Sanloial to tin* Bords of Trade in Ijondon in 
Ifsli as an imiinrtant article of cximrt from Rhode l.sland, there is 
imfliiii'r to indicati' that these Ino-scs wcia* of the Xarramm.sett breed. The 
[ii'csumjit ion is that tlmv' witc not. tor tin* Xarrauausett district proper 
ttiis not really si*itlcd until about that date. Kiirt Inrmore. Captain 
■bihn llull in KiTT looked on his plan 'noted on pae'c 90 .") for breed- 
iiij: a race of ‘‘ lartre and fair horses and marcs as a new venture for 
die I'cvion. In short, the horses nn'iitioned by (iovernor ISanford were 
111 all probabilit\' raised in tlu' northern and eastern jiarts of Rhode 

Isliiiid. where tin was already in farms before the Xarrapransett 

'iMi'i'-t was .settled. 

It WOlllil seem, therefore, that the tradition eoiK-ernim: the importa- 
iKiii ol S|)anish stock b_\ Deputy (io\(>riior Robinson deserves some 
'■iv'leiiee Whether or not there were an> )»ae('rs in S])aiii at the time 
's iiiiinaterial. for it is shown b\ the eorrespondeiiee of (iovernor Win- 
diiiip and other writers that paeiu's were not iincommoii in Xew Eul:- 
land as early, at least, as itist iltih. and the iiaeinu' trait of the Nar- 
'■'I -a 1 1 set Is ma\ very easiU be al•eol;nled for on the basis of selection 
'""I breidnn: of this native stock. Such selection may have irone on 
9 'i' ,1 vreater or less jieriod before the imiiortation of a stallion from 
^|si'n to still further improve the breed. Such iiii])ortation. in tact, is 
•I'lsi vhat iiiiirht have been expei-ted to iia]i]ieii as attention was inereas- 
directed |o diwelopinf: an iinproveil strain 
|>aeinir trail was one of the most ebaracterisiie jioints of the 
■'’■Il -'aiisetts. It is said that the pnrediloods could not trot at ali. 
^ ot itself is described as beinir ]ieeuli:'.r in that the backbone of 
'c, moved throiiirh tin' air in a straiirlit line, thus ditfi’rimr from 
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that of the eonunoii “ raoker,’’ or pacer of the present day, and rinni 
horses haviiifi an ae(iiiired pacin<r frait (Ki')). A breed in which tli,> 
paein>r Jialiit was so tirinly estal)lish('«l must have had hack of it an 
ancestry in wliieh such niovenient Inul lonj: l)een the usual i^ait. As 
alreatly indieat(‘d i paire S!t4), siieli a breed is to lie foiiml in the li ish 
hohl)i<*s, which were so <rreatly soutrht after as saddle horses in Hnjrlaiiil 
diii'ini' th(‘ early part of file seviniti'ent h century mainly because their 
jiacinir jrait was casiei' than that of any other horses of the pciiiwl, 
Such fragmentary descriptions of tliese holihies as are available (Kitii 
disclose a strikint' similarity in ap|)earan<-e to the Xarraoansett piiceis 
These Irish tmnies were small, spii-ited. jmssessed of unusual enduranee, 
and commonly sorrel in color — all of which characteristii-s arc simi- 
larly to he found in the N'arratransetts. Althoutrh no direct proof c.iii 
he adduceil in supiiort of such Ji view, it would seetn to lx- at least a 
plausible theory that the N’arratranscPt |>acers resulted from the selec- 
tion and breeilino of some* of these Irish hobbies which had bi'cn broii;.'lit 
to Xew Entrland .at an early <late. Later, as indicated by the tnnlitieii 
in the Hazard f.imily, these may have been crossed with some inipoilol 
Spanish stock to build up the breed still furthm'. 

s\s to the s|)( ed and stamina of the Xarrairansetts and the miiisiiii' 
ease of their miit for saddle purposi there is inindi evidence, I’aiiiie 
races wei-e often held ;it Little-.Xc<-k I’each at South Kingston, iiml 


some of the silver tankards won at these i-aces tire said by I’pilikc. wiit 
intr in l!^47. to have been still in the pos, session of some of tlij' o|i| Nm- 
ratransett families at that time (Hi7). 'I’lii' Keverend dames Mm- 
Spai’ran, sent out to |{hode Island in 1721 by the SiM-iety for the 
tration of the (iospci iti hhuMupn Parts and for many years a resell iit 
in the colony, recoi’ds that he has .seen some of the.se horses p.iec n 
mile “ in a little more than two minutes and a [rood ileal less tli.m 


three," and adds further that he has often riddmi them " til’' 
si.xty miles in a day even liere in .Xew Hntrland whei-e roads ari 
stony and uneven " flhH). Another contemporary wrilci' 'I- 
the natural fiaeers of horses which at jt laiw run - a [riiit wb 
aci|uirc by pasturin[r when colls with the cows (truly a 'O 


mdi. 
■ llll's 

tiny 

siir: 


theory ! I will jiaee three miles in seven tninutes.” 

Further evidmiee of the tiniisiial e.ise of the stiddle pai' 


I hr 
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X.nTii-aiisctts is -iv,.,, i„ a U-tter wriltcn alwiit lcS47 and quoted by 
r]Hlik.' (1C9) in his Ilistarn »f Ihe Episcotjiil Church in Narrmjmnett 
This describes how in 1791 an a-e<l la<iy then livin-r in Xarragansett 
lode one of these pacers on a lady's side-saddle to Plainfield ”a di.s- 
taiiee of thirty miles, rode tlie next .lay to Hartford, forty miles, staid 
in Hartford for two days, t lien rod.- forty miles to Xew Haven, then 
tiirty inil.'s to Xew L.ni.l.in, an.l th.-n home to X'arragansctt, forty 
miles mor.-. Th.- la.ly .■laime.l to hav.- .-xperieneed no sensible fatigue. 

li.rause of the exp.irt trade with the AV.st Indies, horses of miy 
sort woul.l liav.' b.-eii a valuabl.- s.aire.- .,f reveiiu.- to the Xarragansett 
planti-rs,“ an.l it is jir.ibable that many .d' the ordinary Xew England 
st.H'k w.-re bre.l for this purpos.- in th.- region. Hut the cream of the 
ileiii.ind 1 1 om th.' sugar jilant.-rs was lor sa.l.ile horses feir tiersonal 
Use. and for these th.->' wen- willing an.l able t.i ])iiy i-xtravagant prices. 
Ill this d.'inan.l was add.-.l that ..1 ja-rsons .d nn-aiis throughout all Xew 
bntrlaiiil and the other continental Hi-itish .-olonies as well.'' Thus. 
Ill tli.-se unusual paeers, whos.- gait an.l g.-n.-ral charaeteristies suited 
ilieiii so a.iniirably to sii.-li use. it is el.-ar that the Xarragansett dis- 
tiiet lia.l a v.-ry important sour.-i- of r.-vemn- and on.- which probably 
I'liiiriliUt.'d in no small m.-asiir.- t.. its jirosperity. 

1 he hors.-s an.l oth.-r liv.-sto.-k of tin- Xarragansett district designed 
i"i e\|iortation t.. th.- \\ .-st In.ti.-s f.ain.l an oiitl.-t thr.iiiLrh the various 
P'lits on Xbirragans.-tt Hay. .ir w.-r.- .Iriv.-n t.i X.-w Loiid.ni nr Rtonington 
'''''' ol.l i’.-.pidi trail, wbi.-h ha.l b.-. .an.- tlu- ]nisi road between 

bn^iiiii an.l X.-w 'l .irk an.l whi.-h jiass.-.l through the .-enter of the 
i^'r’iiiii. Ap|)arently many animals w.-i-.- slii|i]K’n aHo directly from the 
^'1 1 1 a:;aiiset t e.iuntry its. -If; R.ib.-rt Ilazar.l. for i-xaiii|d.-, is said to 

Id'iiilit , ' f **(■'' txHtk kr[i| li\ Thi>i<tas Ila/Mnl. nm* i»f ili,^ w.-allhio^t aiul most 

nf f}j,, NnrrajfrtMM'f ! plaiiftTv. Im* cIciikmI s.,»rn,» |,li-a of thn prif''- rtaoitod 

Aiili a f hnn* VHjir *p 1«I at ami thr n»‘\i \«‘ar a t liirtpvnx tair-cM hay 

(dil\ . - jHiNi* " in IT-’.'* a "Maik frittinc luaro ‘ hroiiLrlir 

n lilnok man» f.»r C'Jll l»nr Ny that tilin' lli*'' Klioilo Inland 

\i Vi «l«’|pn‘clnti'il in Mihn* an«l Mr. Ha/ani in>i«'d alouiT'siilo (lint 

iln'tl l>4illar" In iTtit*. «»nf ■* ^larK natural pacing: hnr>4‘ with 

'’.y "I* fata*" liroin:ht lhi» prini' t*f litt\ ii\'' Snain-sli mill'll iloli'irs. 

’ Vi ' '"•fntiH Ifaztirtl. Soft nf Iftthf . fo/Hm l'*nn ]t «'! i 

Olio . of Philfidttphin uml /VMnvwlMi»ni, p '20\>) an appmuit nf 

wli,, l?i 1711. UK riaainlivl in a Iotl«‘r by a H»‘rtaiH Hip 5nn I'nm 

ill,. '‘bklniM'rril fin* ( rtin'snpf ion iHi bohalf of .Imtal’ian nii'kiimnii. of rinlatHdpliia. 

jiii.t shippotl Iriini IUumI** hi a f -otn uhii'h bn ovorlmartl 

‘ MslHirf' tn hiH forini’r honn*. HiM-aiMiinvl ho nnallN arriA'''! in Now Yi‘rk. 

-■'ui vi, ,,/**/*'*’ <iavs iniit'li r**iIii»'»Ml in Ifo-sli an»l vpirif “ Up post C.'^O pins 

Mill froltfht. ninl whm t'vidmth an animal of '<pirii : ho ” \\oHld not 

iHi.i : nlHiut all llir timo:*’ ho w/uiHl • drink i tlavs of \\)i\o or b.or or ol'hr.” 

ihiiii f\irthrr opii)i>.< that “ hi* wiuihl drink a dram on a cold imuning. 
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have raised about two huiulre«l liorses anmially and to have loaded twu 
\essels a year with them and otlier prodiua' of his farm. These MsseK 
sailed “ from tlie South Kerry directly to the liidii's where the hmsis 
were in >rreat demand ” (170). It was the Hazard family*'' wliich 
■seemed to have been maiidy eomau'ned in the early development of 
tlie Xarrauenset t pacers, and it is prolialde tliat many of the horses thus 
shipped were of the famous breed. 

To recapitulate, tlum, it may be said that during this ))ei-ioil fidiii 
1700 to 177.'), in res[ionse to the demand fi'om the West Imiies suh.||. 
])lantations for diail't animals and from the satne source ami fi-ojn all 
tlie continental colonies lor sadille purposes, the bi'ei'dinu' of limse. 
tinally beeame, in the periocl just preeedinir the Ivevolution, a vule- 
siiread industry throULdiout ;dl Rhoile Ishaml ami ('onueetieut and 
probalily in the other .\ew Hinrlaml eolmiii-s as well ami tlmt in 
some partieiilai'l.v fa\ored spots it was earried on in a hiolily speeinl- 
izeil iind extensive fasliimi. 'I'he “horse joehe\'s’' witli tlndr 
earooes. the numberless small vi ssels eai’r\lmr only a few aniiiiaN nii 
their scanty decks, the I'ainoiis pacers drisen overland to nemlihorin;; 
eontiiicntal colonies, all must have contributed a very eonsideralile item 
of revenue to tlie .\”ew Kiu'laiid region ami aided the I'olonists in limt 
searidi for a i/ood return ’ on whieh ihev were alwaNs bent. 


i)K( i.iM-: IV mil, si: i:\isi\i; .m 'iku i iik i:k\ ni.t i i<>\ 
'file e.xport at ion of horses, wliieh was interrupted diirine the le 
tion as was the other eoinmeree of the colonies, was revived at tie 
of the war. .Vow. however, the .Vew KnolamI vessels were d 
(iilranee to the IJritisb siiuar islands by the dei-ree rest riel nee 
to Hritish bottoms, so that a eonsiderable proportion of tlie ‘e 
outlet for horsis; no looker existed Such shipments as wei' 
went mainly to tlie Kreneb islands and to ('iiba, whieh bv tl; 
had been thrown open to trade by the Spaniards and was ih ' 
rajiidly as a [irmliieer of siitrar. 

This revival of the horse trad<‘ seems to have had its iiiaui 
.Vew rajiidon. 'I'he “ horse jockeys " were once more embarked 
former service; one brii: took out forty-nine horses, and ma' 

I* '1 ho m.toTf Ifxiz.Trfl Fii>-iitlefti.d ahloe was leirii in nrsil anil ilieil in t'' 



IIOUSK l{\ISIX(i !N ( 'OLOXIAI, Xi:\v Exijla.vd 


927 


,;in u<l as many as lliirty-iivo in a sin-lc car^ro. The Enterprise, bound 
loi Ddiierai'a, earried ]>r()visimis. brick, hunlH-r. twenty horses, seventeen 
lu'.i! {-altle, and scNcnteen mules, besides s\\ inc, and turkeys (171) 

The general e.xteiit of tliese shipmetii.s is shown in a marine list kept by 
Ti.niiias Alden in tile A » ir l.umhin According to this record 

tiiei-e w as sent oiit I I'om .\e\\ London dnriiiv the year 178.') a total of 8094 
Inases and cattle; and in the years followiiiLr. the inimhcrs were, sue- 
rtssi\t‘l\, (Itlil, (i-jtjti, and t lu' record ceasim^ with the A’cai' 

17ssil72). 

This re\i\al of hur.si' (-xporting apparently was not especially sue- 
Mssfiil and did not eoiitinne loiiu.’' for the Xew Lomlon vessel owners 
Acie soon casting about tor soine better occupation I'or their ships. On 
the return ol two ol these shijis troin an expedition to the Oidf of St. 
h.iwieiiei* With ju’otitaiiie cargoes ot whale oil. the t tr }jt)i<htn Gazette 
'\liiiils. in rather mixed metaphor. " Xow my horse jockeys, boat your 
i"'ises and cattle into s|iears, hiiiees. harpoons and whaling gear, and 
let us st rike out " I 1 7d . 

1 lie reopening ot the Hritish West Indies ])orls to X’ew England 
'e'sel- in 17>9 I 1(1) apparently faileil to halt tlu' di'cline that had 
l"cuii m the Xew l‘.in_dand horse trade, it' one is to judge by the infre- 
h'leiiev witli whieii this trade is now nieiitioiieil. It is prohable that 
ai the eetieral interruption of the Irmle diirtnv the Revolution, the 
oicar islamis. thrown on their own resources, had hairned to furnish 
'heir own supply ili.ii, .\s alre.ady imite.itecl, the larger islands of 
■l.iiii.iiia ;iiiii llniti weie plentifully su|)plie<l with pasiuragt' and wild 
hei'si s liy means of whieli tins could he accomi.lisheil. Xor was Cuba 

iniLdit ha\e been expeeteil, for it ]iossessed 
'""'hu' advantages. In addition, the siihsi inil ion of water imwer for 
'he imIIs probabl\ eonlimnal to take pl.iee in all tin' islands where it 
"rs possihle. laistlw there are indications that the pastiiragi' avail- 
'' ' ' ' ImiltL'iikI it"*'!!* \v,is not nu iiuiplo ax !oi‘im‘i'ly .iud \\;is htMiiu 


d'li^tMt.n of 111,. j'oMriMl . 1 .-. ill tli*‘ o\|iori;il of \yhich occtirrctl 

y‘'\f'lMtion is foiiiKl in fit*- t’«'Mouinir t’il»l»‘ |.•p^o«lM. t’loni rilKtn i I stat i'/tiral 
' " fii- I s p I lit'si' lii.'urc'' iiuliJilc 


' ‘ "111 Ml Jl.-I- p.,, t ^ P.-vj, 

1. ». 1 ii » 
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"radually infriiiired on hy tho oullivation of new land; in faet, accnrj. 
iiijr to Klliot tlTti) this seareity of pasture laiul and meadows, with the 
resultant hiy:h priee of hay, had l)e^un to he felt even l)efore the luwohi- 
tion. All these thinys eomhined to make difiieult the resiimptidii of 
the trade in horses on its former seale. 

Just what heeame of tln' lardte numl)ei- of animals wliieh had for so 
Ion*; furnistuHl a steaiiy artiele of eommeree is not vc'ry clear. Tiit 
very considerable shipments to the French islands, tdready mjted, which 
itnmediatcly followed tin- ehisc of the Kiwoliition. j)rol)ahly aeccmitcil 
for stieh surplus of the ordinary stock as Irnil iiceumulati'd ; while flu' 
denmnd for s;iddle horses on the part of the incrcasintrly iirospi'iniis 
Spanish planters of ('uha |>rol)ahl\' took man\’ of tlu* Xarracaiisett 
paer+'s tl77). 'riicii. toi). the mere la's.sation of lirtaciinc new eiilts, as 
tin* demand for export purposes lessened, would havi' had an iimiieiliate 
effect on the numbers. Ifut most important of all, doubtless, was tlic 
breakiiifj uj) of former pastures for the pnr](ose of eultivatin<r tield ciniis 
tii supply tile demand of Knrope for provisions dnrino th<‘ war between 
France and Knoland which be^an in 17!t:! and which soon foreeil pl■lee^ 
for such supplies to a llioh level. The etfeet of such a ehailoe ill a'jn- 
eulture would be, oil tin' one band, to i-nt ilowii the niiinber ol Imi'si"' 
that could be eheajJy raisisl, and, oii the other, to oi\e ample nppni'- 
tunity for the employ ineiit in the new operations ot the horses alreiiil} 
available. Finally, as the jieople from .New Knt^land (iiislieil westwanl 
to the scttlenii'iit of inwer lands in New 7’ork and elsewbere. I lies ab" 
jirobably drew off considerable numbers from tin' existintr supply. 

Another event indieatino the ehaiioed conditions in horse rai'in- 
a New Kntrland iinlustry duiinir this pemod followiutr the hr\"l'iii‘ai. 
was the disapjieiir.inee of tin- Narratransett jiacers, 'Ibis bn'ed. '-i" 
fnllv developed and so n<pted in the annals ot the tilin', at leiiotli iiiain 
•'.xtinet ainl is known at present only as a sort ol h'yo'iiil.n 'nain 
whose conru'ction with other American breeds, if any eonneelu': i ■ 


is mainly a matter of eonjeet lire. 

'Phe demand for the Narratranselts from tin' wealthy |)biiiti rs 
when that island at len^rtli betraii to cultivate supmr exteiisi 
Ix-en assigned by one writer fl. I’. Hazard) as the ehiel can 
disap|H'arance of the brei'd, lie says in part: “ J he plaiitp' 
sitdilenly rich and wanted paciiuf horses ... to ride. I ' 


li;is 
r ill'’ 

, elllll'' 
lliiin 
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we could supply them, and sent an agent to this country to purchase 
tiiciii on such terms as he could ... He commenced buying and 
shipping till all the good ones were sent off ” (178). 

It IS easy to understand that such a large and unexpected demand 
from Cuba, without rest rid i.m as to price, might deplete 
the loved very .seriously. Hut if the Xarragansett planters did thus 
actually kill the goose that laid the g'olden eggs by shipping off all 
their breeding .stock, it must b.- that there were other faetors°at work 
which made them willing to st'll. It might indicate, for example, that 
their ex])eriencc in attempting to sell m their former markets after 
tliewai. Intd eoiixineed them that tlie end ot the earlier ex])ort trade was 
in sight. 

ilteie ho^\('^el, othei' obvious reasons which jtrobabl.v contributed 
tu tlii‘ disjiersal of the sturdy little pacers which had so long been a 
prolitahle eommovlity, 'I'liey were not heantiful at licst ; they were small, 
stiireelv mote than tourteen liands high, and their gait, while flesirable 
hit' saddle piirjiosi's. <lid not tit them foi‘ driving to advantage in team 
cl harness (l(9t. .\ll these things nndonhtedly worked against the 
X'HTag.msetts as tlm roads in the colonies hecame itetter. wheeled 
vehicles came into use, aiid there was need for larger and heavier animals 
hii' liai'iiess and dralt. 'I’lic imeiu's were, in short, of most value under 
fuuitiir eomlitions. ami as the reioon along the I'oast beoaine more 
V'ttlid iliere is evidence tli.at they were actually dispersed to remoter 
rcciniis, es])ceially to C'aiiada, Kentucky, and 'reiinossee. It is in these 
places tliji) .(lie pacing blood seems to li.-ive been |ireserved in the midst 
cf ill., miliix ,if I'bmlidi I Itoroimiilo ed ■'lock beginning abont IT-IO 
(ISO . 


I bus closed tile liiial eliaiiter in Xew hlngland's leadership in the 
f-'ip'c -it mil of at huisl one jiroiluet of an agrienltnral nature — a leader- 
"liieh had been held iimlispnteil for iinvre than a eentury: which in 
.Ve.'irs of lier early eonimeri'c had eked out to givod jmrpose 
iiang(>s of Xew England with the West Indies ami by which she 
I allied in turn In ])tiri'hase English goi'ds; which had aided in 


haii, 

traie, 

ciilr, 

Aiii. 


’bug :itid settlement <if her lands remote trout The ('oast.s and 
■ nnd winch finally bad a part in the devidopment in the Xarra- 
'listriet of a social atid ecanioinie organi/ation l>ased on agri- 
"hieli was eoinparalile to anv other tonnd in continental 
' 'hiring the eobniial pi'fiod. 
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INSKC'I'S AND OTHKK AXIAIAI. PKSTS lX.JUUIorS TO 
FIMLI) IIKAXS IX XFW VOKK 

I. M. Hawi.kv 

111 .liiiit'. 1!M7. a l:il)(ii'atorv was c^lalili.'lK'd at I’an v. in the Ix'an-gi'owing 
M'llmn ol' western Xew ^'ork. for an invt'sf ifiation of the diseases and the 
ni.-eets lliat liad been eausiiift iinich iiijiirv to field beans. In this work 
ihe Departments of Fiitomolofiy. Plant Brec'ding. and Plant Pathology 
at ('oriu'll I'niversity were eaeli re|)resented by one nieinber. This investi- 
gation has l)(‘en carried on for four years, and the results, on the whole. 
iia\(' iieeii >atisfaetory. Tlie entomological woi-k. liowevi'r. has t>een hin- 
dered by one unavoidable l■ir(•mn^tan(■e: in >onie siunmers the in.sect pests 
iimlcr investigation weie ver\' .■-earee. and field experinients for their control 
weie tliu-: impos.'ible. a re.'.ult. tlie reeonunendations in some cases 

ai'e huM'd on b'wer ilata than the writer had wi>heil. 

The more important part of thi' inve.'tigation is tlie part concerning 
the s('ed-corn maggot imiKi rihrnini Hond.l. The fi(>ld gray slug 

Aijniilniuhr luinstis L, ), a mollu'k of the family Limacidaca also has been 
studied ill detiiil. and some attention h.as lieeii given to tlie green clover 
imi'IU ' I'l'ilhi/pritd scdhi'd Fab, the red-he;ld( d flea beetle (.St/.dC/lU /iWi/o/iS 
I ah I. the pale-striped flea bei'tle i>h/.s7(uu tdi main Say), the blue-banded 
millepede, or t lioiisiitid-legged worm I’dtriili oci Wood), and the 

hean weeN'il { A cd nl/idsci I nit s ahli 1 1 u-' > . ( tb'eiwat ions wiua' made also 

"II the habits of some m.seets of lessei importance, in partii'ular those that 
|>l'"duee Ihe pitting of the Ihciu known a^ iliniphiuj. 

'I'llK SKKD COKX MVCdor 
iiinid I'llicnird Hond ' 

It i' dillieult to obtain exact data concerning Hiih iiin'd cihcrurd.' for it 
I' an I'l |■,•|||(■ iiisi'i't that may occur in a field in great numbers m one season, 
and iKit reappear in. or e\en near, that field the tollowing year. The flies 
n'Unll\ disappe.ar in late summer and the hosts ot the larvae during that 
pail ot ilie ye:i|- are not definiteh' known Heated flies apparently do not 
'nail' III ciipl i vi t \'. Infestations of the insect in cultivated crops aie not 
"'"■'db loiind until consiih'rable damage has bi'en caused. By that time 
dm iii.iggots are full-grown and it is too late tor control experiments wit i 
dial liiiMid. nudizes the imtitv gaps in the jire-sent work. nut. 

'he iiiseei is scarce at the Iire.-eiit time', it .seenm desirable to record the 
'' '"h I liiis far obtained. 

' , , / Tt' oiiMiiimiiK k >!• t) m \ iiH'i t* HI F (i I il MI I 1*11 I ■' '.o 'll 1 1' ■ 111 ' I 
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S Y ST K M A r I C 1*( ) S 1 r 1 1) N 

'rh(' iiaiviit insect of the see<l-eoni luaijfiot {II i/lomjid rllirrurn, I’lm,, 
LXIX, 1 ) is a Hy of the oriler Dipteni and tlu' family Anthomviidae. The 
insect was fii'st (leserilu'd hy Uondani (ISiH))- as Cliortopliild cilirriirn. ftitil 
recently, howi'ver, cilicriini has heen considered synonymous with 
of Zettt>rst(Mlt I ISto), and. since Zetter.stcdt's deserii)! ion pre '('di's tlial of 
Honda n i. ./ns-v'(y>y),s- has hceii accepted as tlu' s|)('ciHc n imi' of th” 

Stein I lOlti) finds that /i/.s-/ccy).s is a distinct s|)eci('s and not. tin- c/hro/ei 
of Hondani. Malloeli (1020) acct'pts th<' separation of thi' two >|); le^ 
made by Stein. Tie' spi'cios /n.scfccp.s of Zi'ttersteilt occurs iii rnpland 
and nth('r jtarts of northern Kurope. and recently Malloeh ( 1021)1 lia> 
ri'corded it from X'orth .Vmi'ric.a. 'The spj'cii's cilirnird. iit ailditioii to a 
wid(' I'iuropi'an distribution, is prt'sent in most parts of Xortli .\.meri(:i. 
and is the pt'st known as tin' s('('d-corn miefiot. The /n.sc/ccps di'senliiMl 
1)\' Slinjji'fland ( ISOt) is not the //(-saveep.s of Zetti-rstedt h>it is cihcrunt 
Itond. 

Stein I until |)laee-' f/hrrur<i in the j;('nus ( ’hortoplhla. Imf .Malloi li 
(1020) unites the genera ( hortophila, Phorl)ia. and llylemyia in tlu'strici 
s('ns(‘. in the iiemis llylemyia. If we folhov this latest paper on tlir 
subject, the .'ced-eofti tinim'ot tnnst be called II rdirrura Rond 

In the recent Huropeati writintrs of Heh ( Hlld) iitid t )berstein ( lOltii. the 
sjM'cific natne ( Itiirtiiphiln rihrnim is applied to this ins(’et ; but in older 
works, such as that of Ritzema Ros i ISOOi, tin-ntion is often made el 
Anihnmi/di plnlunt. d’he species philiini l' a composite of t'll u’l'iii'd and 
trirbo(l(ict]il(i. atid often it is iiupo.ssilili- to determine <letitiitely which 'peeic' 
was blamable for the work these atithors have deserilM'd, 

I OM.MON \\MKS 

riie coninion iiatiies jjiveii to II ifh n ipn rilirnirn inehidi the |ollo'\ in|i;. 
deceiving wheat ll\-. loeimt-em' ant homyian. .\iithomvia ejjj; para'ite, 
s('erl-corn maetiot, corn .\nthomyia, see l-corii flower-fly. lieaii ina'iirai. 
iK'an fly, frinued aiithomviaii. < )f these, the nami' ■■<n'l-cnrii e 

the Ix'st ktiown and is tfie otie retained in this |iaper. 

lllsTOItV 

II ilUnnjKt rihrnira is probably of Idiiropeaii oriniti. Iti Noiih ' 

the first. reconI was that of Fiteii ( who foiiml the tl\' on wheel ‘ 

arid descrilH'd it under the name II ilrrijttirn. Rile\' i ' 

covereil the larva attacking corn in iS'ew .li'isi'y and named the lb ■ 
wi/h; Zeue, but nine years later ( Riley. IS7S) he ctilled it .InZ/im/tv'" ' ^ 
fnms Meit<en when he found the manKots feedinn on locust eytis in I'.in 
and other western States. It was rejiorti'd that ten jier cent m " 

•' IfJ iu ‘tml It*lrril'nr9 traHP:* t<> 
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loi'Usl ('Kjrs \v(‘ir (lost royed in this way. Jailor. Jack (1886) found tJie 
iiuiKSotj^ destroying h<dd beans in Canada. At intervals since that time 
the post has suddenly ajuicared, destroying Ix-an seedlings and injuring 
many other crops both in the United States and in Canada. 

During tlie last few jeais II. cilicruru lias once more become active in the 
Xcw \ oi k bf iin fiidds, .iftoi a periled of .scarcit\’' cov'enng many years 
Since 1914 moist wi'atlier conditions liave tiMided to augment the normal 
mimlicr of flies. The injuries caused by tlie maggot.s of this species reached 
a lunximiim in 1917. but since that time there has been a gradual decrease 
111 tli(‘ amount of ilaiiiage, and in 1919 ami 1920 the lo.ss diK' to the insect 
was hardly nolicealile, 

nmrnimiTON 

Tlic si'cd-corn maggot has biam found in many parts of tlie United States 
and Canada. It has been reported from mairly (‘very State, from iMaine 

Id Morida and westward to tlie I’acific. In Uuro]).\ reports of it.s presence 
III .Viistria. 1 lermanv, Italx'. I.ngland. and France may he found. It has 
Ik'cii ri'purted also from Hawaii. 

( hitt(‘nd('n (1916) states tleit tlie sjiecies riUcrui'a causes much of the 
less in the 8tat('s south of Xew .iersey which is credited to the cabbage 
iiiaggnt, IIiih'injiKi ( PIxirhia) hrti.y.s/fii Boimelie. and to the onion maggot, 
II HlfiHjiio iintKjiKi Aleigeii ( Phiirhiii (up^tniin Meadi*). Chittenden believes 
also (1909) tliat .some of the work on tin' Pacific ('oast attributed to 
Ili/huuiin j>l(inip(ilj)is St(‘iii may he diii“ to II. viluTiva. 

FOOD 

Hilloni/Kt ciUvruni lias a wide raiigi' of food jilants. according to Ch tten- 
dcii (191)2) and otlu'r writers. .Vmong the (’oinmoncu' of these may be 
iiK'iitiiined lieaiis. peas, h'ttnei'. corn, ealibagi'. eauliHower. beets, turnips, 
radi>tie>, s(>ed |)otat()('s, swi'et potatoes. dome.''tie garlic, crimson clover, 
diiioiis, ;,iid hedge mustard. Wlmlan i liUG) n'ports the maggot as breed- 
ing 111 In'sh manure, in clover and alfalfa sod. an 1 in rotting clover stems, 
lui’ker '1917) reports cilicvurn injury on tomatoes and I'aulitlower. and 
ihat the laiaaie were fouml <ieve!oping in di'composed cotton seed, 
^'aiinaii i 1901) fomid the insect in young hemp plants. Pettit (1910) 
'nciitidiis pumpkin, cotton, oraiigia artiehoki', and strawberry as hosts. 

1 a^k^ bred cilientnt from maggots in the "bnlhs" of wheat. Howard 
Tllll)' States that tin' lly has been bred from human excrement. Riley 

^(''' touml the maggots feeding on loiaist eggs. 

Hid atiraetiou of tlm insect for (h'eaviiig matter has heeu recognized 
.A ill my watei-s. ('hitteiuhm ^1902) i-iti-.s, as an (‘xample of this, the 
iiii I n (if larvae in titu'id galls on poplar tri'cs. tjuiintauce and 
1912) found tlie Hit’s appearing in eagi's where det-aying plum> 

a III ;i (lisi’iifwum ri'i>drti‘ 1 iii tin’ ./."ji’i i/ .0 I >'t <■ ‘ 'il ” la."*, leiO 
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\V('ro used in roarinjr the phiin eureiilio. .loluuinsen (Ihll) lliiiik^ llu^ 
sjK'cies is attraete<l by deeayin}? matter in tin' soil. Iha-fit'r ( 1<)()S) jdund 
tile insert working in eiit surfaces of seed potatoes that sIiowcmI dccav 
Selioene {Ihlti) has often bred the insect on cabliage, and believes the 
species is attracted to that plant by di'composition in jiarts of it. Hlaik- 
nian and Stage (191S) bred the' sjiecii’s on a decaying root ot larcli. 

The insect has been reported al.so in Mnroiie. It was found on ^ i 
kale in England, and Ritzeina lios ( l.S9()) reporti'd finding the specie- 
pldlitra (which, as already noted, is a composite' of cihcnira and tnclm- 
(liictjila) on human exeri'inent. on asjiaragiis. on h'l'k (Allinin ixirntm). and 
on shallot (,l. <isctili)/u<iiiii). iMore* re'cently this s[i('ci('s has been dis- 
cussed, under the' name ('hortophtln ciUcntrd. as a pe'st of I’ye and corn in 
Silesia lObei'stein, lOUii. Kornauth ( lOlb) reports Irifliinldctiild a- 
injurious to beans in Moravia. 

I'nder field conditions in wi'ste'iii X<’w \ork during thi' pi’ogu'ss oi the 
jiresent study, larvae of If i/h t'llirruid have' Ix'cn found in bean-. 

p('as, corn, seed potatoes, anil alfalfa roots. Raits of decaying matenah 
were placed near the l;d)oratory, and later examination showed the fol- 
lowing to contain maggots: cabbtige, bean pods, bean vines, grass stein>. 
clover roots, and clover stems. 'I'wo lar\ae have Ih'i'U found in mustard 
growing near a liean field, and two flii's were bred from l.'irvae taken in 
late summer in the roots of ipiack grass f.1(//'e/n/;vui rcpriix). I hi' species 
ha.s Iw'cn reared also from |)upae found in a jiile of rich soil that had been 
taken frmn beneath decaying stumps, 'rtie writer has never lired the 

fly from manure. .11 

I'Totn the.si- ilala it may be seen that the lisit of known hosts is lioth 
large and varied, including not onlv he'dthv and decaying vegetable tissue, 
but also animal ti.<sue. It is probalde that this list is far from compete. 

The first flies taken each spring have been found by sweeping old wheal 
fields, and the writer liclieves that wheat, oats, anil possibly othci giaiie, 
nia\' constitute imi>oifant late-seasoii hosts; but as \'et siiliicieiit 1 ata 
are' not available for proof of this. .Mature females of the second I -meu. 
taken in July, were numerous near sod and ipiack grass, and t u s 
also may Ik- common winter hosts of the inseets. 

V.MI UK OK l\JI I<^ to HKWS 

ddie larvae of the seed-corn maggot may feed on three pails oi .1 

si'cilling the plumule, the cotyledons, and the radicle. J'lie mjun 

part of the filarif is liere di.scu.s.Hcd 'x-pnnilr’lv. 

I nidi I) Id till' pididilli 

When the sin.'dl larva locales a soiiice of food in a sprouimL ' 
usually crawls iM'tween the cotyledons, or seed leaves, and I''’ ,^,, 1.11 

two leaflets of the plumule and on the .-mall bud of the growinu ' m 
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tliciii (Piute LXIX 4, iiiid (ifr. 8(>, A). This vegetative part of the plant 
,Ha> he entirely eaten away so that wli..,, tiie seedling conies above ground 
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IvjM'M I.f lUJUTN JM {'fnr, '•fi'illuiK'* * IllJUtinl In Hi J»[ UI’V Kip'W II ;1'' '’oi i- 

*ihi >%% t Im* « •lint: t h<' '•‘■i 4 < ^ ihmhk> A 

die cotyledons |•eInain. This stunted for.n of plant is known to liean 
its a hrad. or Ixildhunl (tig. S(i. B>. I suallx a snakehead 

' np and dies, but oceasion.ilK one sueeeeds in produeiug accessory 




354 I- Ua'VLEY 

buds and in devflopinji; loaves and a fow floweis (fifi. 8 /, A). At Ikiivo 
time a plant of this ty{io is found to boar fow if any pods and >till 
ilwarf plant (fis- 87 , B). The formation of snakohoatls is tlu' S('voicst for 










Via. H7 RKHTf.T f>¥ V>OHK aV Hyi.KMVM 

OMMAX AC.KKHTIS 

A Sri.-ikclu-ft.l'i p’lOir.i! "'ll ■! n-w Kro»Oi i,l •nmli 11 I ' 

(■’_ y^fCl^n irt fl»<- 1 £/f /■ 'itf*'* ♦ ' ' * • ' 

«h*hHy r*jri(if f-#! 
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of injury to the hcan cuusihI liy I lie s<‘(Ml-c,.ni inaKirot •ind in «nn,n 
Ih,. writor lias found 75 [lur <-ont of i},,, plants to he thus deformed ^ 

If the maSRot fivds on the half tissue of the plumule Imt does not destroy 
die RmwiiiR tip. a thrifty p ant may still result. The first two leaves may 
|,e misshapen and ragRed. hut new leaves are soon produced to take their 

places. 


/ njunj fi, till eoh//o/e/,.v 


oiteii a larva does not injure the i-otyledotis until if has fed on the 
plumule. Its eiitratiee itito a eotyledon is thru a hole made in the side 
and the maRRot usually hollows out tlie Heshy interior until little inore 
Ilian a shell retiiains. 'Che iieiRRots are often earried above the Rrminii 
Oimeah'd in th(> eotyledotis. and a AiirIc plant iinv liave eight or even 

more hidden in the.se two DamuRe to'tlie cotyledons alone 

IS not a smaoiis iiatidieap. as the-e are of little iim' to the plant after the 
true leaves have been I'oiliied. 


/ H lilt'll in f/ll l'illll>'tl 

When a seed Renninate' >0 (luiekly tliat the eotyledons are pushed above 
the Rfouiiil Ipcfore any iiiaRRot- locate the plant, the r.i diele may lie at- 
fai'ked. I’he larva tiiake^ a .small hole for it' entrance and then mines 
upward tliru the (lesliy ti"Ue of tlm 'tcm. This injui’y is not serious, 
as tlm l•our^e of the tnaRRoi i> thru the pith ami it sclihiiii disturbs the 
\iiseuiar ti.ssiie. In 1917 ilie wriii’f obsi'i'vepl a field near Batavia in 
uhu'h (he !K‘ans were (ilatited very dei'p Soon after plantiiiR. a period 
ol dry wmiflier baked the lop soil solid. 'I'lie Imns grew until they 
I'eaclii'd this tippm- itnpetiet rable 'itrfaee layer, and then they were bmit 
"ver. Many muRRols nm-e I'oiinii m tlm 'tem of l aeli plant. 


I.O'S ( \t sKI) 

1 lie year 19|7 was ,a Muioits one for Xew d'ork iieati gniwiU’s, heeanse 
'll dll' eotitimied rains ami the prevaletiee of tiiargots ihii'ing the planting 
'"'le. III June. In live (owiisliijis (if (’K'ln'see Counly ihe loss of seial al- 
fuliiited to II ifh tmiKi rilirntni was est im.ated at Sle.ttOO. In Krie County 
die lo>s on It),. 17s acres was .-lid to be It) per ei'nl. In Meiiroe County 
T'Ui o() to 7.) per eeiit of the beans on Iti.OlHl aen‘s were destroyi'd, wiule 
111 I Irleatis ( 'otitil V otie-fottrl h of Sftti.OOO worth of seial was wasted. IMany 
Kt'owcfs had to plant their beans two or three times, and one grower.^who 
11 'I ' (led twice l)(‘fore gelling a sl.and, ('slimate<l his loss lor seed at SdOO, 
'^i"||lar injnrie.s to ixain crops weia' reportiai Irom Xew Jersey. Peim.syl- 
'■'""a. Miehigati, titid Canada. .\t intervals in the past this insect has 
■Mm ireil thus siiddiudv tuid unexpeeledlv, has .seriously damaged beans, 
.d ' 'itid other crops for a fe\v subseipii'm \('ars, and has theugiaduallx 
' I' '!'pe;ired for ;i (ime. 
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DESCHIPTfOX OK STAOES 

The eyg 

The chorion, or out('r covtM'iii*^. of tin' <'^*1 SS and S9, (') is while, 

glistening, and marked with longitudinal furrows. Similar cross-turriiws 
connect the longitudinal ones, cutting olY in'rgi||.,. 
areas about twice as long as their width. ()iic en,! 
of the egg is nainded and the other is rather hliiiitly 
flattened. Two prominent I'idgcs. starting at eitl ei- 
end of tlu“ flattened part, meet at a point alioiit 
one-fourth the length of the egg. When thehirva 
emerges, tin* chorion splits near the.se ridges, d'he length of the egf: e 
about 1 inillitneter ( I 'in inch). 


P'lO. S,S. ECO OK SEED 
CORV M.CG ;OT, X at) 


77/( hinn 

The full-grown larva < Plate I.\ l.\. 2, and fig. S‘.). 1) i is whiti*. and is laigc-t 
at the caudal end. ta|X'ring anteriorly. In tlie early stages it is sletnler ami 
almost conical, but a' it nears th<‘ time for i>ui>ation it becomes shoiter 
ami almost elliptical iti form. The first segment bears a pair of hlaik. 
hookcal jaws which ma.v lx* extended .and retracted. 'I'he anterior sjiiiac- 
ular process is heavily ehitini/,<a| and bears six or seven lobes. 'I'Ih' 
posterior spirai'les are small ami consist of three slitliki' opiai ngs witli 
tiMjthed e<iges. 'I'he.sc. s|)iraeles. which are the external oi)enings ol 
tracheae running lengthwise thru the body, ma.v lie fouml on the liattcncd 
caudal end of the larva. 'Phis fiattmied, almost truticate. segnent tn'ii' 
.seven pairs of HcsIin- tulH-rcIes 'I'he length of the larva is from 6 le ‘ 
millimeters i J inch). 

Tht' j>tij)nriHm. d’he pupariiim digs Sh. .\, ami 9(1; is brown in 
and elongate-ov:il in outline. 'I'he |)uparium is the cast skin ol the i.e' 
molt of the larva, and so shows many laiwal characters. I he anterici 
s|)iracles :»re present on the aiiterioi' part of the puparinm and still 'h"" 
six or seven lobes. I he fleshy tubercles on the I’alldal end ot the hiiih 
.also remain but are less pioiiiiiient I’l.e length of the pnpaiiuiii i 
I to millimeters t' to 1 inch). 


Thi- ml nil 

The male (I’late b.Xl.X. 1, and fig. S'.l, Ml. The bod,\' eotoi 
adult, male is greeni.sh gray, with the legs darker and the anlenn:i' 
The entire body Ix-ars many black bristles. I'.aint dark lines rim 
wi.st* on tlif! dorsum of some sis’ciimuis, and ti prominent black 
along the midtile of thedorsjil side of Ihe abdomen. 'I'he main dmu 
ing character of the sjx'cies is a row of regularly arranged bri-il'' 
tibia of the hind leg tPIate M.XI.X, d). 'This separates the spcric- 
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tlu' alxioinoii is pointed insteail of rouiidc'd and thi' bristle's on tbc hixK 
are fewer amt sliorter. The female lacks the prominent fringe of hairs luunll 
on the tibia of the male, aiul is harder to distinguish from relate'd species. 
In br<i!<sicac the pre-alar bristle is as strong and as long as the first 
ilomo-central one', whih' in cilicruni and atdiqna it is only about half a' 
long. In (intiqitii there' are' two ne'arly e'lpial se'tae' eui the- ante'rior lentejn 
side of the mieldle' tibia, while- in cilicnini thi-re' is usually but enie'. The 
siK'e'ies (i/i/ic/au is eireiinarily largeirthan cilirnint. d'he'le'iigth eef the female 
ejf cilicruni is .j milliinete'rs ( ! ine-h). 


i.iKt: iii.vreiKv .\\i) iivmr.s 
Till njq 

The'ie' is little- in the- lite-rature- re-garding the- i-gg-la\ ing of II i/h miii'i 
ctltcritrn. Whe-lan (lOlti) re-peirls that the- tly usually i)lai-e-s its eees 
e-ithe-r eui the- ste-ms ejf plant-^ just as the-v e-eiine- I lu u the' seiil, eir eni ele-e-ayiii}; 
ve-getabh- inatte'r. Howitt llDlli state-s that the- e-ggs are- ele-posite'il nn 
ele-caying matte-r in the- ,'-i>il. Liigge-r i Istll)) was .-dele- tee bring about tlie 
de-positieill eif e-ggs by tlie-s in e-aptivity. but he- be-lie-ve-el the' eggs tee be' Ste-nle 
ferr he faih-el in liis atte-mpts to re-ar fiie-s freein the-ni. ( 'liitte-nele-n iHMlfli 
mentions an instane-e- in whie-h e|e-i-ompo'inu e-rim, son e-leive-r that hael hee-ii 
plowe-el uiiele-r att rae-te-d flie-s :is a plae-i- feer eiviposition. 

Period of innihation 

In .July. 1!(17, at I’e-rry, N'e-w Veuk. the- le-ngtb eef the’ e'gg stage- umki' 
vf-rv moist e-onditieui,' was Ix-twe-e-n 21 anel IS beiiirs. \'e-ry fe-w e-ggs weiv 
founel anel the- e-\ai t time- of ovipei.-it le .n was in eloubt. 

In ItlbS e-leve-n fiist-breioel e-ggs uiieh-r e)b,ser\-;itie)n hati'hi'el in an avei'aae 
eef tKi hours, as shown in table- I. 'I'he-re- \\a,' a wiele- variatie)n, fremi I! 
t)l hours, anel man\' e-ggs, the- i-\a< t Irite hing time- of whie-h e-eiiilei not I" 
noteel, hafedje-el within the-,se- limits, ligys we-re- ke-pt in pe-ti'i eli'ln" o" 
rimist ble)tting-[)ape-r eu' elam[» <-arth. 


N’tiriilsr 
of e-jttrs 


'I 1 la None ‘It oet, la.o Mvi.t, iv I'lts 


riini- of 
(le-|)OSitioii 


riiiK of ti.'ili liiiiK 


nt 1 iL;i 

i lioiir- 


t 

4 


May 2'-i, .'1 p, til 
May U.'t, 4 p. rri 
Mav 2.'), •'> p, lie 


Miiy 27, a.'iO, in, 10, a, ni '.0. ''1 

Mav 27 n. 10, 10, 11 .'to, a. m ‘ H. ' 

•May 2-s, !i,;io, 10, io,:{0, lf),:f(r. _ _ _ 

a III 70 .1.71. I - 


.Vv<-raK<!, e'lei tionrie 
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In 1919 n(>t(‘S wciv taken on the jjc'riod of incubation of 28 eggs on moist 
earth 'Fhe averaf^c- for tliese was 2.8 day.s, with a ran^e fmm oS to 
five days. I- our eggs k(,>pt on dry Irlotting-papcr in a petri dish required 
(lelween three and tour days. ()n(‘ ('gg, <leposited on June 4, did not hatch 
until JuiH- 17, l)ut this is the only instance of .so long a pi'rimi of incubation. 

1‘liia <if iwt iMxdutn 

1 h(' insect is strongly attraetial to nioi>t and di'caying material as a 
place tor oviposition, but under some conditions tin; flies will place their 
eggs on dry material, as t he following e\'perim(>nt shows. (4n June 4, 1919, 
many flies, taktm by sweeping, were plaeial in a cage with' a flotvW-pot 
eentaining dry bean stems and dry soil. This pot was kept dry until the 
flies died, aft(‘r which it was moistened in order to see whether a new lot 
(it flies would develop. ( )n .July J one fly was found in the cage, and on 
.Inly 8 two more weie toiind. In another cage the same conditions pre- 
vailed except that the jar was moist during the entire ('XiX'riiuGnt. Four 
flies were found in this cage on .July 4. ;uid eight more on Julv 8. 

In the field, I'ggs have beam found arouml decaying bean pods and vines 
and around rotting cabbage, 'f'he writer has spent a great deal of time 
ill looking for ('ggs on freshly plowed ground where mature flies were seen 
in large numbers, liiit has succeeded in finding only a few in such locations. 
Iwo eggs were found on newly ttirneil soil .ami oiu' was discovered in a 
'■revice in a recently disked field. Fgg-laying was induced by throwing 
"liter on the pandied and cracking ground near tlu* laboratory at a time 
"licii the flies were nimieroiis. Ifight eggs wi're found on top of the ground 
in one of thesi' sjiots within two hours after it was thus moistened, and, in 
all. about one hundred eggs were olitaineil m this way. 

Whelan ( Iffltil says that the maggots of //. .v/oviov; are sometimes found 
III ti'csh iiianun'. Idle writer, however, has not seen the larvae in manure, 
ii'ir has lie been able to bring abottt oviposition on manure. On June 5, 
Iflfl). Ilower-pots eont.aiiiing fn'sh cow. horse, hog, ami lieu manure were 
pliiccil in a cage eont, lining manv adults ol cilici'nrn that had been taken 
iiitla lie|(|. When tliesi- pots w ere exatniiieii later, no i'ggs could be tound, 
mill no tiic.s e\ci' emerged in the cage. < tii .luiie 4, 1919. flies were placed 
111 a large cage eoiitaitiitig one liower-pol ol manure of ditfereiit kinds and 
niiiilici' filled with dci'iiyitig bean vines ainl grass sod. .Viter the tlieswere 
•ill dead, the pot of manure was moved to another cage. Xo flies emerged 
lioiM thi^ pot. In tlie cage conlainiiig tlie pot with the decayed bemis and 
gi'i" sod. thirlt'en flies eiiK’rged. This apparently -•^liows the insects 
piii' icnee foe (lecaviiig bean.s and clover rather than lor animal manure, 

' place for oviposition. Manv limes fresh manure tound in fields where 
weri' abundant has Iw-en itlaeed in cages, but no flies have ever 
'-' d. Furthermore, the' flit's have not been found m abnormal imui- 
' ^ "ound either manure piles or fre.sli manure dropped along the road. 
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Is it i)<)ssil>l(' that inanuri' has an at tiaction t'ov tlii' inatiKois (Icvclopitiu 
from cfigs (h'lxisitod in tlio soil, wliicli loads thoin to iis(' it as a so('<iiiilai\ 
host ? 

In oagos, o^jrs of thi' tiist hrood have Ix'i'ii foimil sinjjly as a rule, llio ihcy 
hav(‘ Ixx'ii found oocasionall\' in fjroiips of from two to fiv('. in sonir la-is 
side hv sid(' and in othi'r casi's pihal on oiu' anotln'r irronulaily. Wlicn 
tirst-hrood tli<‘s takon in tin' hold wore placed in cafios. (‘>j<;s won' doiriMtcd 
on dooayinjl mustard stems, on stems and roots of tiiass. on old Ix'aii pmU 
and viiH's, and on oahhafio stumps, .'some ojins wore fouinl a so on the .^la- 
fa<‘(' of the {irounil, and some in I ho top inch ol dirt . tow wore alt ad nil lu 
the side of the tiowor-pot. holh above and holow the soil line. I'liti'' of 
the second hrood were deposittal hv flies in cai)tivity on lop of the soil ami 
in the dirt itsi'lf. 


\ u/nhrr of rfiiis 

The wi'iti'i' ha-' not heen ahle to hriiifi al'oul oviposition hv tiies naicil 
in captivity, and accoialinidy he could not determine the exact nunilM r at 
cjifjs dcfiosited hv a sinjrlc fennde. Ihe lollouuijr ma.\' he mentioned in 
typical examples of many di'secied .'[lecimens. ( )n May 27. lltl^. Xi 
ofijis. of which 27) Were aliiio.-t fully developed, were found in a disseeted 
Hy. ■< )n May Id. Idld. two flies were found uilh nearl>’ mature ciiji-. oih' 
containing dh and the other ■h''. In lh2(t two lhc~ were foUinl cotilainiiii; 
f*;! and ti t eufts. res|:ecl ively. on .May 7 ; and oii .May 111. live flicN contained, 
resfiect i vel\', dt). 2d. .'17. sd. and 72 e(rn>. It i.- helieved th.it all iIicccl'' 
in an irmect mat lire at ahout the .'aine time am 1 that oviposit ion w completed 
within a few day.'. I’rom ihc'e data it 'cems po'sihle that a female ni:i,\ 
deprisit .St) or more e^ins. hut the nuiiiher may olteii he much •■inallci' 


T nnt nj o! ! ti(ni 

Since it |s from the ejrn" of the fir.'t hmoil i>l the' that the ni.lliliol' 'e 
injurious to jjrowiiur i iop' are pioiluccd. special 'lud\ Ini' Ixcii aoen m 
this generation. \ fiw little is known of condition,' in 11117. a' lilc-lii'lei' 
.'Indies did not hegin until .lum- 2'2. In till'' .idiill' were loiiml coiitaininu 
well-fleveloped egg' on .May 11. and. t ho 'omc eggs w ere no doul it if po'ito 
hv Alav Id. most of the egg' of the fii't hrood Were de|) 0 'ltcil ln l"on 
May 2.‘1 :ind .lime 1. I' ggs of the second hroml were deposited dm mi! i ■' 


first half of .July. 

In lOlff eggs of the fir't gen'-ratioii were mostly deposited fiom 
to. June id, with t he maxmuim deposit ion occurring ahoiil .June I 
hrood flies were ready to ovifxisit hetwi-cn .June 'J.i and .Jtilv I- 
few flie.s were captured on .''eptemix-r l.'J and |.) who.'i' ahilomcii' ' ■ 
iinm.'itiire eggs, it seeni' |x>."ihle that a few eggs may have hei n ' 
a.s lati' as ftetoher. However, these flies may hiiternate. whn 
e)(plain why a few flies with well-deve|o|M'd eggs are found m 
.sevenil wcek-s aheail of most ijf the first firoml. 


\h\ dll 

' ('(iiiii' 
'Hio' 
Milled 
„el|l'd 
will I Id 
’ Mil}. 



[n.skci’.s and OntKK Am.mal ri;.si>, 1 \,h kku s i(j Field Beanls 9 G 1 

Th(' s('as()n of 1920 varied lillle from the two preceding!: years. The 
first ffiea weri' found on May 7. som<' containiiitf cfr^s that Vere partly 
(IcvcIoixmI. Most of the egK-s of llie first brood weic il(' posited during the 
first week of .hine. Fggs of secoml-brood files winv dejiosited early in 
July. Tlie relalioMsliip between llie time of oviposjtion and the dates of 
bean [ilanting is diseiissed later (page 972). 


y’/it hiint 

Lriiijtli of liiri'iil stoijr 

Tile averagi' leiigtli of llie larv.al 'tage for < iglu sp-cimens of Hi/lenujia 
cihcnirii, wliich liad lieen lired in vi.als in a field rage at the Perry laboratory 
in 1917, was 10. 1 days, with a variation from S to 12 days. The data are 
given in table 2; 


T.tlU.K 2 Hkkiiiim, 1)vv\ H'R Ia<.in' I riK-- i.v 1917 
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l.cimtli 

1);UC ef 

Lpiiirth 

Date of 

Time 

1 lute (if luitcliuu: 

of lurval 
sUige 

tx'giiiiiint: 
el pupil 

of pupal 

eriier^eiice 

of 

from egg 
to aiiutt 


■.Ir>s 

'luge 

1 days 

adult 

fdaysi 

■liilv 17 

I'J 

•Iillv -29 

20 

.blgUSt IS 

32 

■liiK 17 

1 1 

.lulv ■2s 

I 1 

.\ugusl 11 

25 

■liiK is 

12 

.lulv .in 

1 1 

.\ugust 10 

23 

■liilv 

s 

tuyu-t 2 

in 

.Uigiist 12 

17 

■Inly 

in 

.\ugusl 1 

12 

.tugust 10 

22 

.Ink' 2ii 

a 

.\ugU't 1 

12 

.Uigust. 10 

21 

■lull '.’(i 

a 

Vuyu't 1 

10 

.\ugiist '20 

25 

.Ink 2i| 

12 

.Xiiyu-t e 

i.'i 

.tugust 21 

27 

• txiTlgc 

m 1 


l.i 7 


24 

In .lime. Iffl9. the axerage 1 

ii\.d peilo 

1 in the 

ease of twenty-one 

Ill's I -brood maggots bi'ei 

III the 

laboralorx 

al Peri'v 

was 9.4 days, with 

a nmge from 7 to 12 da> s. 

Speeimelis breil m 1 he held 

e iges reqinn 

(1 about 

Iwo days more. 







iliihih if i/d’ liiri'ii 

I'Ih' larvae of l/i/lnmtni riliaum are insi met iwly internal feediws. 
\Vbe„ they l,atel,. the small laiA.ae eiaxNl thni the ereviees ot the soi in 
■"eh of food. In this seareli they .slum a preferenee lor material ttiat 
I '''ginning to rot. and fhev aiv ahxays mos', numerous m deeaymg Deans. 
^'Aeiiteen maggots were once found in a .slightly di'eoinposi i h.ui. .uu 
I n ten is not an iiniaiminon range, I hey ma> be loiiiu m , omu 
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beans also, tho a sound st'od rarely contains inori' than two (Ji- ilnv,. 
Beans that are (aitirely (ha-oinposcal havt* no attraction for tlu' in'ict. 

In order to tt'st tlu* abilit\- of a niafrgot to find its bean ho>t , ten newK 
hatched larvae w(Mt‘ plaiaal on top of the soil in lai’tjc' vials, in .Inly. I!)| 7 , 
and an unsoaked luain siaal was pla<'c<l ;it th(' l)ottoni of each \'ial. Iduht 
of the ten inafiftots found the be.an and were rcarcil to adults. 


Thf /III Jill 

nt in jtiipnn niii 

In the summer of 1917, the Icntjth of the pup.d >t.af>:e of eiyhl 'piciineie 
w;is fouml to be l-kr days, as '-hown m t.ibic 2. I'he a\ciMiie lennih ui 
the pupal static of ,'evcntciM) .addit ioii.il s|)ceimcn', carried thru tii tin 
)utdoor c;i<i(' in .lulw wa> 12. .s days, the titiii' v.itAinu: fiom 10 to I I 
In .June. 191!t, tlic a\crat;c time rciptired foi nitieteeii pup.ae u.i’, liii’ 
(lavs, with :i r.ancc from S to I t d.aY'. The titne rc(|uired in .a field lao.. 
from the hatehitlfl of the eiiir until the emercctlec of tile adult tl> 
found to le 22.7 da\s for forty'fi\'e speiainetis. uith a raiifze ftoiii lii le 
27 da\s .\llowiti)i 10 da.\'' for the larv.d 'i.uie. thi- would make ilr' 
vcnifje [)U['al period 12.7 d.a\.'. ('.ayes ha\’e been eYatiitiieil lor pii)),iri:i 
tendiny to show ,a letiythetMal pup.al |«'riod. but ea'c^ of ret.atalatioii. uidi 
;is those notec I b\’ .''choc tie for t he closely rel.atei | ea bb.aye mayyot i //v /' 'i 
I f' hnrhin] hras.'irni '. ha\e not been ob.'ctweil III lOlN. howe\'er. tile r.illi- 
f;dl at i’err>' duriiiy .Inly aiicl .\uyu't wti' far below noriiial 'table li. 
paye97I u ;itid in the bill of ih.at vearoiilv one liy of ;i po^ible iliiril bmel 
was seen. In both 1917 aii'l I9I'.I. thud-brood flies were iiiiiiieii)ii' 

I he ab.'enc(' of a t tiii d bt ood in 19 l-S niiylil li.ai'e been due to a leii” I lienini; 
of the [ilipal period of the 'ccoild brooci 1 .'.U'cil b\ the liiyli I ellipel.il nn 
.ind low rainbiil. 

I'liin Ilf pnijiiliiin 

Fupariti of H ifi > 111,111 iihriiiiii are u-ualh lound near the 'iiii iei in 
the yrouti'l, .a -liort distance fiom the place ot laiv.al fee'liim 1 he\ m 
iiccasionallv found .a.- deep .a.- -ix iiiehe-' belmv the 'uri.aee. but oidinmb 
not more than thfei' inclie-' below. In bean (iehb lhe\ ale oII'H " 
within a few inches fiom the plant too(| ot the l.aiva 


'rill mliill 

F.»i> I'lji >iri 

The emeiyenc'' of what an believed to have been seeolld-ble 
n.acheil its heiyht at Perry, .New ^'ork, on .Inly Id and lb l'*b 
flies continued to tippe.ar in the rearmy eayes until .about .\uyu't ! 
reared from eyys dejiosited. no doubt, by this brood ;md liateh"'. 
•Inly 27) ami 29, proclmaal, late in .Aiiyiisl and , 'September, w ha i '' 
sibjv a third brooil ft is belie\cd that an entire broo'l "I ' 


I till- 


rill- 


I I 


w.l- 
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iniss(‘(l in that year, owinn to tlic (lolay in opmiinfr the lahoratorv In 
that yc'ar the 8i)rinti was very laic aiui tlic rainfall was hcavv thruout 
June and July. 

In 191S a few females with weil-devi-loped cfr^s were found on May 9 
It IS not (lehnitely known whether th.'se hies hil.ernated as adults or 
were very early siMa-irnens of a main l.rood which came later. Judging 
from till' numher of flii's taken in the field, the maxitnum enifugenee of 
fnst-hrood hies occairred helweeii May 2;-{ and Jd. Seeond-bniod flic.s 
appeared in th(> cages from .June 26 to July .'). After July 23 only one 
Hv was lound. d'his was a male, taken on .Vugust 26. ' In that vear 
iIh'K w ( ii .ippati ntl\ oiil\ two hiotuF. 1 in' adults came out earl\' in 
the silling, hut. as a result of the hot. tlry weather at Pi>rry in late July 
ether th(' Hies diinl or the development of the stages of' the following 
hi'ood was ri'tarded. ^ 

In 1919 a few Hi(‘S were found after May hi. hut it was not until June 2 
that tlu'v were at all iihiindant. I hey could stil he lound I'a.sily on June 
!i. and oeeasionaHy until June 17. .Most of the females deposited their 
I'ggs during tlu" first week ol .lune. Seeond-hrood Hu's aitpinired n the 
cagi's Iroiii .June IS tf) .luly 3. w it h t he maximum (‘lui'rgeuee about .June 25. 
rile hot weatluM- of mid-.hily mus| have proved fatal to m ist of thi' flies, 
for they disappi'ai'o 1 (Milirefy and no more were seen until September 9. 
Ihen. fora t<‘W days, flies ot the third brood were taken. In 1919 there 
Were apparently' threi- broods, oral any rate iwn.-uid a jiailial third. The 
data leading to tliis eonelusion are givi'ii in tabh' 3; 

l.VHI.l, .'i. .SewMKKY OK UKcouns Tkni)i\<; to Show thk Ximbfr of Broods in 19111 


( lli'erv allo'is 


l.j 

•JO 


■tiiiii 


■liiK 


■JO 


1 1 
10 
JO 
J.') 
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i.'i 

JO 
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J 0 V , taken l)v .sweeping. J . uell-Jevelopeii eggs 

.\ few flies tak'-n in an olil »Iieal fn-l'l 
Flies .still SCJil'.M* 

- 3 9 , tak<*n, frw Mio M't n. MoatluT cold 

I'lioM plentiful: in fcinalos riiitRinR fmtn p,Artl\' iif\ eloped ft) mature 

found (Ml dceiiyiiiK in race'i. teina-li^'^ in tirld rtiiirimiiii; a few mature 

(‘RRs or no oRRs 
fewer Hies; abdomens eniplv 
•^mall iiiaRKt't*'' found in beans plant <'d June J 
d 9 taken containiiiR no «*rrs: aUliunen.'' eollap'''‘d 
f irst of sceoiid-biuixl Mu\s rmerRt d in » aRi > 
b'l serond-brood 9 from titdd t*\aniuuMi. ('rrs umli vi lupi d 
Many second-brood Hios ooiiiinR out 
A few second-brood flies still comiiitf out 
^Neather hot. few Hie.s 

No flies s(*en: flii's in caRi's di'.ad. prt>babl\ incnuj lo iu't wi'athi'r 
* N d9, taken (Mi ground plowed for wtu'at cRir'; luiinii ire 
I taken 
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In 1920 th(> first flins worn found on May 7. and during poriods of wmin 
woatlu'r they continutHl to onuM-fit' in niinda'i's until tho first of Jum. 
Most of the ofiKs of this luood wore di‘i)osit(‘d bctwcMUi May 25 and .liiiic,), 
Weatlu'i- conditions in July of that year won' more favorahh' t han in I'Jlo 
and flies livi'd in tin' eaties until the first of Aujiust. 

Dati'S'of ('ineifience vary •ireatly at different altitudes. Idles liavc Incn 
found in aluiniianee, a wi'ek or inori" Ix'loie tlu' I’eriy enierjience. at placiw 
ten miles from Perry where the elevation i^ much less. 'I'he hean lahnia- 
tory was located on what is said to he one of the hi>ihest points hctwicn 
Lake Lrie and the ( leiieset' River, its elevation hein<r 1100 fed. Data 
obtained at Pdry, therefore, while holdiiiK true for much of the wistiiii 
X(‘W Vork bean-erowuifi Sect ion. ao' probabl\’ latm’ than tor most paitsni 
till* Stati'. d'he openinsi of sprin*; at Peirv i-' at least a wei'k laid' tliiiiiir 
is at Ithaca. 

The time of emergence ol If t/h nn/m cilirnird is dependent larccl\ nii 
tem[X‘raturc. If there are several warm c|a\s i',irl\- in May. 'oine Hu- 
will a()pear. If 'iieh a warm period i' followed by colder wi'alliei'. aiMi- 
tional Hies nia\' not be loiiiid lor ;i week oi' two. or until the tenipeiatiir'' 
has anain moildafeil. 


Length nf bfe 

-Vdiilts of fli/bntgiii nhernm have liveil in eatjes tor from 2 to 14 ila.\'. 
In 1920 nine flies under ob.servatioii lived for an average (if 211 daw 
Without food, life s short, but in e<(ol weather the llii's will live by mail, \ 
day.s in moist eatres if they are sU|)piie(l with sweetened water. The iiiie 
in this jvriod when etitts are (lepo-ileil i* iiot wadi known; but tiniii tin 
fact that adults with immaiiire (o-arii's are normally found im "ai".' 
days Ix’fore mature speeinieiis ap[x-ar. it is jirobably towanl the end d d' 
adiilt life. .Many flic' were taken by 'weepinir in the fiidd on M'o - • 
1920. at whiidi time most of the females dis'ceteil eoiitaiiied ininiatuii' 
(■KKS. Flies taken at tlid time were i laeeil in canes, and deposm d i sii;' 
betwei’ii .June I and .lune 0. .\pparentl>'. then, the leiinlh ot da I'" 
ovi|M»sit ion period i' about two weiTs 


'I’he author's inability •<> obtain enn-< from flies reared in eapH' 
alreadv been mentioned. .Mol.i.'ses. siinar water, and deeaymii ' 
were plaeeil in canes, but all failed to 'Up|)ly suitable eoiidil mH' 
cane, six feet sipiare, in whiidi lieaiis. ealibane. and nmsiaid \m i' '■ 
and whiidi eontameil rleeavmn uiatmial al.-si. laileil to ni'c 
Flies were attracted in lame nun.lK-rs by sunar water and niol i' 
the fiidrl Jiiany flies were found in b.aii jians eoiilain nn 'i 
niola.s.ses, water, and so<lium ar.-s-nile. i i 

In the sprinn the flie- are attnieled to im^ist, newly [ilo've ■ 
J’hey crawl dee[) into the crevices ot the .soil, sloppinn oeeasien 
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up a ,|i(.i)()l'iiioistiii'(';is tlicyfiiid i(. Wlwn llu- (lies aiv moving- about in (his 
iiiannor. the wiiifts arc ovcrlapixal on (lie hack and atv thus out of tlic way 
Twelve flies have he<Ti eouute.l iti thi-ee (cet of furrow, and forty-two were 
seen in a S()uare yanl. ,V count of llu' Hies taken on new <oiI on Alav 27, 
191S, s!ioW('d fourteen mature females and one male. At this period oi’ a 
httli' lat('r, many flies may he taken hy sweeping; alons the edg('s of fields 
and roadways. On .)un<' IS. liflS. many were eauttht in tin- tall jjrass at 
dieedfie of a field, a count showiiifi ahout four males to every female. On 
July S (here were forty-one male- in a lot of forty-five Hies taken hv a 
I'nadside. It i.s appaleiit. then, that while tlie females ar(‘ searching for 
places suit a hie foi' o\'ii)osit ion. the males may he found sunnint; themselves 
in firassy and wi'edy pi, aces. ( (n sunny <lays. adult- have been sei'u resting 
mi niiistard; and in tin' (weiiimc (hey are found on onion tops. kale, potato 
vines, daisy, ami rafrwi'ed. and more raiely on othei' plants. Flies have 
aho been observed hoverint; ahout a dead earthworm lyinfi on the surface 
of the jrround. 

tin warm da>‘s. or duiinjr the hottei part of the dav. thi' Hit's art* verv 
acti\’e, ei'iiwlinji restlessly near the top of breeding: eagres: hut in eohl 
Weather they move slowly over the dirt on the Hoor of the eapie. or remain 
(|Uiet in the ertieks ol the -ml. 

It was ohservt'd in t he -priiifi of Ittl'.f that Hn- miiilit he taken in tlu' jfrass 
aloiifi roadsidt's, and in whe;it and oat fields, before tin",’ made thtdr 
appt'aranee around plowed jrroiind It would si'cm. (lien, that :is the 
ejTd-layinfr period tipproadies. Hie- Inive :i teiidt'uey to eoine into the opi'u 
and seek loose, moist soil. 'I'lii- 1- especially 1 1 lie if -ueh -oil contains, as 
ail additional atiraelion. llie deemiipo-iiu’' root- of elo\'er or (piaek j^ra.ss. 

IIIHKHN \ I ION 

1 he writer has little data on the hihiination of Ihihuitiia cilirruni. 

' aftt's have been placed in fields and meadow - early m the .-itrmtr. but no 
Hies have eniei'fjed in I hem. Farlv in Mav a few ijies witli ovaries ]rartly 
'nature have been found. It is jirohahle that ' hese were early spi'cimens 
"I the subseijuent first brood, wldeli hail wintered m piiparia: hut they 
'"ay have hi'en Hies (hat had emerged late m the previous summer tinil 
'ad hibernated as aihilts It has not been jio-.-ihle to kee|i flies that tire 
Itdwn m lute sunmier. .alive in eajies thru the wmtei'. The writer belii'vi's 
I la I I he insects more eominonU' pa-s ( he w inter hibi'rnal msr as seeond-jit'u- 
' 'at Ion pupal', and emerge :is flies fioin May h'to.Iuiie I ol the next yeai. 

' in h Hies, taken in kite .Mtiw htid onl\ |i:irti,illy de\ elopi'd ovaries timl \y're 
|>|''hdookiii^ s|)eeiniens. In siippoi t of I Ills pii jial-lubi'i'intt ton tln'ot y. X. !■ . 

"".lid' fouml rilirnirn hihernatimr in liie pupal -lane in omen- in W is- 
'""'in.aiid Ihekersoii ( I f) I (I ) show ed I hat from pn|'ae ot < :l 'fi urn placed m 
i'l Xo\-eniher. Hies would enierui' ea i ly m M:i\ ot the next yi'.ll 

I 111 .'i Ki-iirriil (tot II.— I, in ri'j-'rfol in Jin 1 . . :■ I I ‘ ’ 
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SKASONAL lllSTOHV 

Adult tlic's uf till' lirst hruod an- foiiiid in tlu' lii'lds from I'arly in .May 
until the middli' of Juni', and dcjiosit thoir I'Ufts on decaying material lir 
on moist soil alumt hean-iilantiiifr time, duriiift the last of .May or early 
in Juno. The magjtots work in lieans. corn, potatoi's, or rotting vefji'ta- 
tion. and emerjfo as soeond-hrood flies in July. I'hesi' Hii's soon dia.appoar 
in normal hot, dry summers, hut apparently they deposit e^jis alioiit 
deea} injf vej;etahle matti'f hefore tliryv dii'. .V tew thinl-hrood flies mav 
apjK'ar in .\uitust and Se[)teml>i‘r. Mime of whieli may hihernate; hut most 
of the Mil's taken in .May of the next ye.ir an- helieved to eonie from the 
midsummer hrood of pupae which overwinter. 

( o\ ritoi, 

t'ontrol inea.'Ui'e' for H i/h ini/tn rilirnirn may he elas.sed either a' arti- 
ficial. such as .'ced treatment and the use of halts, or as eiillmal. I lii' 
etdtural methods involve studies of influential factors in the environment 
of the in.sect. and of practices used in Kf'winfi the crop which may aftirt 
the extent of infestation hy the majjruols. I'lie artificial method' tin 
recorded fir-t. 

Aiiijinnl »J rnutral 

The studies in artificitd control that have Iwen directed tiKaiiist 
rilirnira in the p;i.-t have Is-en eonci-rned maiidy with .seed t real mimts am! 
with the ajipliiait ion to the soil of such materitils as would either kill the 
maggots or act .as re[)i'llents for tlie;idult flies tind thus prevent the (|e|Hi- 
sition of eggs. Lmtnei suggests soaking the si'ed in gas tar iir 

cop[)fTa.s to keep the maggots away, and Lugger ( IStlti) stiV' tlie'i' 
materials work well on ;i small 'c;iie. Ilcaillee flttht; t ried soliit ieii' nt 
corrosive suhlim.ate, snlfoeide, and potassium eytinide, in tin etteit to m 
the maggots and prevent oviposition hy tlie flies, hut his result' mii 
un.satisfactory. I.titer 'IttlH; he fells of trying .strips of Itir. and ahe nl 
the !ip()lication of s.and tre;iied with carholie ,'ieid to the suifme nl It' 
.soil just after iK-aii' were pl;inted. .\s a re.sulf of this t real menl . .1 1< 
more pl;ints came up in the treated plots than in the checks. N' '' 

( 1921);, jfe.adlee found that !i rep'llelit cfTeet otl the maggots re>ultcd 
treating lima Ix-aiis with co.al l;ir ;ind dusting them with ashe>. ' 
tobacco du't. ('hilfendeti (191)!)) .-lUgge.ifs th.at carliolic ticid mta it .c ■ 
a rejM'llent to the adult flies, and fiofh he and liruner (l!)Ht) ai 
;i|)[)licatioti of kainit, nifnde of .sodti. or sulfate or chloride ol pet.' 
the soil as a top drcM-ing. In addition to discotiraging oviposi 
practice is said to h.ave the ailded advjintjige of sfimululinK pin'd 

Wliile .seed treatment and t he application of in.sect icides to I e pinPlfiil 
Ix' of viilue when u.si'd in a small w'ay, the.sr* pniclices aie e ^ 
importance as control mea.siires on !> field scale. An infc'ln 
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sf'ed-c'orii ("iiiiiot t'li.-'ily 1><‘ pr(‘(iict<Ml ; its first iinlicjilidii tu ilic 

fjrowor is usually tlii' (lisw\(Ty of flic niafifiofs in Ix'aiis that ha\'c I'ailid 
to scnniiiati'. Since this is true, an efiicient re|)ellent or seed trcatnicni 
woukl have to 1 h' used (‘very \V(‘t year, which would inak(‘ th(‘ co>t far 
mati'iial and labor v('ry hijih. iMirthenuon', it is difficult to find a material 
which does not injuri' th(‘ sei'd and yet has a killing or reix-lh'iit cfTeel (in 
th(' ins('ct. Magfiois usually enter the be;in b(‘tween the cotyk'dons. and 
therefore, after thi' seed coat, which bears the treatment, is broken nr ca.-t 
off by th(‘ jtwc'llinj; of the si'i'd. the tender pluiniih' is a^ain left unprotected. 

The writer has tried various in.ateiiaK as control measures, on a 'iiiall 
scale, in th(‘ hop(‘ of findin*; somethin^r >uit,able tor lar> 4 cr test', I'lie 
n'sults of thes(' experiments are recorded in table I. 

In tile experiments reported ill table I. t be materials were placed cit her nil 
the set'd coat , on toji of the soil, or m the row with t he planti'i 1 .'ccd. Tlic'e 
exi^eriments were located m field' where bad infe.'tatioiis of maiitiots hail 
just been found and \vhcre the flies were \-er_\’ numerous. Infcstatinii' 
were not larjie, howe\-ei-, a.' the plantiniis cainc betwei'ii brood'. l)i> 
bordeaux mixture seemed the most proinism>r of the materials tested, hut 
on the whol(‘ the results of experiments in Id 1 7 were not encouratjinir 

In 1020. seeil- and 'oil-treatiiient exp<'riment' were aj'iiin condtieted 
A part of the experimental field whii h Innl not been under culti\atinii tor 
sev(‘r!il X'ctirs. and which was covered vsith i|uack urass, was [ilowi'd. and 
the ex|X‘riments were started here on .bine I. .\t that t inie inan>- female' 
of //. cilirnini were niatuie and had been deposition enn"^ f'”' se\-eral da\'. 
Heans were planted, followmn a rain of 0,2.') iindi. on .bine d. li wa' 
noted that the flies had U-eii more numerous oti tliis part of llm field than 
on the other parts which bml been pi< viou'K- under cultivation, showinti 
the attraction of the species to turned-under (juack noms as a place fer 
ovi|K).'ition. Snakeheads. t he evidence of mannol attiwk. were imn li ii.en 
abiiinlant here than in the main part of the fiehl when counts wcic made 
on .June 22. d he results of the l■\J)erIm( nts of 1!)20 are ni\en in l.dde i. 

Xone of the iiiaf erials tested in 1020 na\ •• promisi' of 'iiccc's in |)i aetn a 
us<‘. While in a few ca-s's the numlH-r of injured [ilaiils wa- redneed. at 
no ca.se did the .sr-edliiiK^* entirely esca|)e harm. Takitin itito consideialinn 
the difficulty of jiredict mu infestation' of the .'ceil-corii miurnol . 0 'ceins le 
be iinwi.'e to n ly on control measure.' of this ly|M‘ m New \ ork. 

Thf‘ bait of sodium ar.'eoite. water, and mola'.ses. which w'o 
against the onion maggot by Samleis.' was tested against //. riln-nn" 

.June 21, 1017, the material w.-i' sprinkled on the soil with a whi-h 
and pie tins cont.aining it were placed in a row across Ijie field. I di ^ ^ 

ver\- numerous in this liidd ami the 'ecoml planting of beans had jn 
made, the first seeding having been deslro\ed. < >n the nioinmc ■ ^ 

22, tWeiity-nine files weie foiimJ in till pail', together with maio " 

' i ■ 

in ft r;il !i» thn J' tu t.f f-.rirtiKimtc Aofomo/i’i/v. ‘'o 
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carabid beetles. No tlead Hit's were seen in flit* fit'ld outside of llir 
and later, when tlu' luains eaint' up. tlit're was no rt'duction in tlie iiuinhci- 
of snakeheads near the pans. J*ans wi-re plact'tl in other fit'lds. .iiul. tin, 
inan\’ Hies were eapturt'd. no {in'at Ix'iiefit was noticeable when the lieaii^ 
were t'xainini'd two wet'ks lati'r. 

Hefort' planting was dont' in this Held, which was \t'iy wet. the -<( i il w.i- 
drenched with kcro^('ne. faifrlit da\s alter plantinjj. tlu' count' 'heunl 
49 inagfjot-infested x'cds out of 1 10 that were examined. \\ hen the 
was treatt'd o\'erniiiht with carbon lii.'ulficl. 17 out ol ~n beans contaipi i| 
larvae ot II. i dici'ui'n. .\ check hatl intested sei'ds in oO. .Milm 

neither material injuri'd the fierniinat ion of tlu' seed, there was little il ,iii\ 
repellent I'H'ect produced. 

Beans wen' treated al.'o with arsenate of lead in the form of a 'tidni; 
paste. 'I'his wa' allowed to dry anil the seed was then placed in ilii‘ 
jii'ound with a bean planter. I'he poison so injured the seed th.ii nnl' 
about Id per eeiit ticrini Hated. \ check showed an .S.)-|)er-cent st.aiid, 

Neithi'f seed tieatineiit nor ot her tirtilii iai cotitrol measures ha\e 
promise of success. Xo satisfactory material h.as been found, and iioiliiin; 
that looks [iiemismt: for tests (,n ,i lame scale h.as been disco\erci|. 

.Xithii'iil iiml I ultiii'iil /III I It I III. I iij I'liiilriil 

'J'hefe are inaipv factors Ix-ariiu; on the presence or the absence el 
Iliih liitiHl i illi'i Ill'll in a field Some ot these are discil'Sed in the lolliiWini; 
panes, and practices which are iti the nature of preventives are pointed eiii, 


.Miit.\liin‘ mill hill jii I III iiri n.-i fii'hii'ii >ii tin I'fi "J tin’ -'i i'il-:‘iii'it iiiiiijil"l 

II i/h iiiijiii I'lliri'iii'ii has Ix-eii found to !« a serious pc'l in Xew 'leik 
when the eai'h sijnimer Is ndnv. I’hi' increased injury in moi'i s, i~eiis 
is apparentiv due to the tendency ol the cultl\;ited hosts to dei l\ in t j' 
wet soil, t hit' becominn at t ract U e to the Hies ;i place lol o\ Iposil ieli I 
si'Ciiis probable, .also, that iiiansiut'' alre.cK’ in the soil leedmn on oi n i 
dei’ayinij venetatloii, are attracted to the Ix'iiiis when the\ In uni n 

'•'''■•'bV- ... ,11 

In .bmi' of itflti and also of |!M<, the ramlall tar I'.xceeded tin n n 

In 1917 the .luiie ramlall ib. I inchesi was more than twii'c the nioi 
a\eraKv I‘’V the pre\ious twentv M’.iI', and the d miarte Irom II ' 
wa.s severe ill all the lx-aii-t;rowim' sei tioiis of the State. .IuI.n’ ol il 
was rainv al.-o, and thruout that m inth flies could be taken e.i'i 
noniially they are sc.arce at that seas'iii. I he years HIIS. 191.1, 
were nearly norimd, and the los.s was .slight. In taWe b aie 
from the I iiited ."states Weather Bureau at Bochester, Xew j oi ^ 

In rreriods of droU>;ht such as prevailed at Berry duritin .Inl\ am - ^ 
of 1918, Hies are difficult to find. By .Inly 22. 1918, only six tbc' ' 
hundo'rls wr'fe -till alive in the caicr'S. and on the following d.is ' 


il, 

nllil' 

xcai 

iliki 

mid 

dala 


IK 



Insects and Other Ammae Pems I.\.n inor,s to Field Beans 971 


could 1)0 found in H'o Hold. On Aii}i:ii>( 2(1 one male of II. dlicnira was 
taki'ii, and this was tli(‘ only fly sciai in 191S afti'r July 22. The con- 
ditions at Perry in that yiaar were ahnornial. for this region suffered much 
luore for want of rain than did thi' surrounding places. The reduction in 
till' mnnher of flies appearing at Periy in 1919 is possibly due to this pro- 
longed dry period. 


T.\BLK (1. Temckr.vtckk .wo Moisti rk Kkcoru- of the I'n-ited States Weather 
Bi REAC AT Rochester, N'kw York, di uim. ihe ScmmeR' of lUl" to 1920, Ixclcsive 

I Records of tiuirked variations from the i{o< he-ter recor.i.- found at Perry are given in bold- 
faced t\pei 
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In ,luly of 1919, the rtiinfttll ;it Perry w;i' tigain below nonn.il, and the 
tlies in tile ctigos died rtutidlv after .Inly 1. Hetw'eii July 1 aiul Juh 20. 
the rainfall was onlv O.tiT inch, and the luaxinmm teuipiu'atures for this 
period*r,anged from ('i')® to 9()-' !•'. -Vfter .Inly l.J no Hies were seen for two 
iiioidlis and the specimens in cages all da'd .\ugu-^t ol that yeai had 
lU'arly twice the nornnil rttinlall. . 

Tlie temix'ratnre etirlv in the summer appetrs to have an intiviencc on 
tile ahundanee of II. nlicrura. In !;H7 the mean tmnperature tor Max 
was 19.2°, whitdi is .several degrees below the tiverage tor die month and 
Is tile lowest recorded since 1S7I. I lie maggots anti flu's i umv . 
I'cason were the most numerous in the history ot the iiisecl. . vmt t 
!'''ialures in l‘H7 also were lower Ilian the noimal. and had been eac 


.'ear since 191R. ... 

//. nhcnm, is an in.seet which in the |.ast has 

lor a few sncce.ssive ytairs. and lias tlien heeoine ol lU'g igi > > 1 ‘ 

•'T an indefinite' |H‘riod. Thi?' variation is uiidoubtedl.N ‘ 

uxleiit with the moi.sfure .'intl temperature eonditions o " '. •, 

-Moderately low temiienitun's with tin abundant 'J . i .,t,^,v tlu' 
■'bl'ear to 1)(> fjivorivhle to tlie in.seet. while dry. warm we.t , 
is (let riinontnl to its successlul . 

‘■'’id, wet vt'ars brings forth the insects in gn'ati'st numlH'Vs. 
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licldtion i)f tiini' of ham plantinij to tunc of ovt position 

Kfifis iiKiy l>(‘ (l(‘i)()sit('(l hy II i/li iiii/io cilicruro nc'ar dt'cayiiifr NCffi tahlr 
inattcr iti iic\vl>' plowed or naa'idly lilted soil hefore the lieaiis are plantcil, 
while they an' heiiijt iilantiai. or even after plaiitiii;r. In rare iiisi,iii(|.< 
(•ond)ination of these two po><il)ililies may he found. When the e;iiis aie 
deposited pre\ious to planting, the maiitcots feed on deca\in<r maltci in 
th(' vicinity for a while. l«‘cominfr nearly full-fjiown hefore they cntei tli,^ 
hean seed; hut when the ejifts an' dejiosiii'd suhsi'ipieiit to plantin';, "nail 
larvae will he found in the heaiis within a few da\s after they are planted 

.Vs t'.\ampl(‘s of oviposition in the sod hefore the h(>ans are planted, the 
followin'; instances nia.\' he ineiilioned. In t he e\]>eriment:d field at Peria, 
in 1919, one pieei' w:is plowcil on Ma\' 1 I and phinted on .\la>’ 2^, AVlieii 
it w;is extunined on .Iiun' .’). many lull-erown mai;u:ots were louiid. .\llin\- 
inj; ti'ii dtivs tor tin' larval pt'iioil and tuoda\s tor the statje. theeiiov 
Wf'i'i' prohtihly depositeil tdxlUt .Ma\ 21. .V field that hail heeii in allallti 
for s(*\end vears w:is plowed for heans in Ma\'. Planting took plaee mi 
•June (> ;ind 7. ;ind when the fiehl was examined on .lime 12 the ni:iei;el' 
present Were I'e.iily to pupate. Phese mam;ot' Wei'e hatched fl'iiiii eui;- 
deposited prohahly about .litne I. .Mtiutrol s of ahoul the s.-ime si/j. \\eie 
found in the old alftdfa roots, 

.Vs illu St rtitioU' of eet;-la \ inj; eii her at the t ime of plant int; or 'uhsmiumii 
to it, the followini; extunple-. are triveii. In 1 !)I 9 a field of heaiis \\;e 
[tlanfed on .June 2. When it was examined on .lime 9 , m.'ii;t;ol' a tew ilii\' 
old were found. I'hi ' were ver\' eommon in the held on .lime 2 when tin 
.'T'ed Wii' drill'-'i in. I’etui- wet'- plaiiteil in a te-t jiloi on I he experiiiieiitnl 
field tm .June .'i. ( )n .lune 10 . when these were examined, some eolllainel 

newlv h.'itehed matruots. In a held in .Nititi.ira t oiiiity hi'.iiis were ^laiil'il 
on .lune 9 . .'small maUKols were found feedinn on the pluniiile h ave' nil 


.luile I 1. 

In the laiiu" vear of 1917, when //. Cihriorn eoiild he lound e\ei\wheii. 
field- were in'|x eted late m .llllie. Smtill tind hirne ni.'UttJol' Wele InUinl 111 
the lieaiis, pupae were in the -oil. .•Iinl lli'-s with et;i;s in till star:e' ot 'h \' hi|i- 
II lent were hoveriiin o\ er the ^roUlni. It 1' only late in the spl IIIL' "I ' ' h' 
wet year- thttt till -taiie- can t hii- lx- lound simultani'oUsl\ In n'en 
normal vi'tirs the f|i<'- .-eem to ap|X';ir in roiii'hly ilefined hiixiih. hm t h 
li' iivv ovi[xi-if Ion of etieh hrooil i|ix - not extenil ovi'f a pericxi ol iih I' ' i ''' 


From the foiejroini; ilala it is evnleiil that :i grower eaiinol hi- 'iie 
mafy;ots are not alrea'lv working on other matter in 111 *' soil ,ii 'I" 

when he pltifils his heans. .More'iver. if mat me flies are 

pl.antiin; time, his tx'aii- nitty Ix' infisied with m.'uJKots from lyit' ' i” 


at that lime, 

In H)I9 tin attempt was made to eontieel the lime of fly eiin i'- ' 
the timi' of ovi|xpsiiion with some of the more olixiou- oiiie' 
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nailin'. In tlial year, and al.-o in 19'iO. (lie fir>t w,.,-,. taken in small 
iiuinliiT.'^ early in May, aliout the tinie when cherno.-i wero in bloom. 
Matiirc flies were out in niimbeis near |>!owed ftroimd on .liino 2, 1919, at 
wliii'h tinii' the last of the jx-tals had fallen from late apjile trees at Perry. 
Flies with fully developed ejrjrs had not heeii found in quantities on plowed 
jrround lieiore this, alt ho a lew leinales with immature ep;ps had been 
collected in winter-wheat and oat fields. Many (‘trcs were di'posited in 
cafies about .June 1. Di'—eeled leinales showed that some egirs were 
mature on .June 2 and man\' on .hiiie 1. It i^ e\'id(‘nl. therefori'. that 
under I’erry conditions in 19|tt. beans planted between .bine 2 and 12. or 
within ten days after the la-t of the petals had fallen from the lat(' apple 
ti'ces, were open to inai>t;ot attack. Sertoli'- infestations of ma<;t;ots were 
vciy few in 1!119, but in t Wo be.'iii lields which did -'how ciiicrfli'n injury 
the .seed was planted on .liiiie .I and .litiie (i. respect i\'ely. 

On ,Ma> 2.S. 1921). when the pet.iU IkuI partly fallen from the lati' apple 
trees, flies nearU' nialure were found in niinibi'is on moist, newly turned 


lU'ound, especially w liere the field had |)re\ iously bet'll in sod. .\t ter May 
7. when the first speciiiieiis of the \ear Were taken, adult females were 
captured aliuosi dail\' ami their abdoineii' e\aniined for ciiti's. Betwc'i'ii 
.Ma\' 7 and Ma\' 2.'', a few file- with ripe ee^- were occasionally found, 
showiny; that em:.- were doubtle— depo-iicd in small number-' during that 
p.'i'iod. A cornfiehl planted on .Max' 22 and e\amini'd on .May 29 sliowod 
typii'al riliciiini injui>' in a few -eed-. llowe\'er. *hi- examination of 
females taken Ihrttoiit Ma\' -bowed that nio-t oi the tir.-t brood of flics 
Hcri' not mature befoie Ma\ 2 n. .\t that time thee wi're many more 

Icnialc- than males iire-i'iit on plowcil uroiiml. Many egff.- wore de- 
posltetl between Ma\' 2.N and .bine 7 b\ the- III the cage-, ^lo.-t of these 
eggs Were depositeil ;ifier .luiie 1 . w hen I he nights a- well a- tlu' days were 
"anil and the flies showed iiiiu-ual acti\;i>. 

.Many (iehls in which beans were ni.-t api>caimg aiuwe giound "r'le 
examined on .lune 7. I!t2(t, and onl> m\ infe-ted pilaiits wei'i' found. (looil 
"catlicr had made it po.—ible to |)lanl .-ome of dn'-e bt'an- b\ Max 21. and 
al! wi'i'c in before .lune 1 . 1 hereloie. in l hc-e lii'lds. the seed was m the 

gmiind before nio.-t of the flies were nialure. with the rc-ult that theie 


"ere blit few maggots in the .-oil. ., 

beans planted in the eNperimenlal held on .lune f. 1*129. weii' ^ 

iiitc'led, and jiotatoes and corn planted m neiglibormg field- .Motit tn 
same time contained manx' maggots. I hi- mtcsiatioii i- pio u >i.\ i ta o 
'll*' fact that the sei-d was pul into the ground at the time when t 
"•'ll mature and eggs were being de))o-ited. Hi ans planted m t a "'"* ' 
'.’bbiiie wei'i' uninjured. l'’rnm llie.-e data it would -cem that 11 . 111 - p an i i 
•I"'' alter the Inst apple blossoms ha\ e lalli n, w Inch iindi'i tin ' 

■'! t''''ry in 1919 and 1!»2() was from .Max 2N to .Itinc ,. -taml ' 

'lei lice o| being infested Iw the maggots of //. ■iln'i 'i'" 'lain dot 'om ji . 
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l)(‘l<)i'(‘ or alter tlu'Se dates. Situ-e tla' larvai* alnauly in tlie .'.mi 
attaek tht' newly planttal seed, it is wi.se to delay planting for a few davs 
after all the egf^s have hetai di'positetl. This would extend tlie tinic Idf 
prohahle inf(*station in 1919 and 1929 from May 2S to about .liiiir I.') 
rnfortnnately, it is not always possible to choose the time of plaiilui" u' 
sugge.-'ted above'. Weathi'r conditions ma>’ prevent plantiiifr in .Ma\, 
before' the- Hies are mature, anel if Ix-ans are' |)Ut in toe> late' in .June then 
may neet ripe'u be-feere' the'V are- kille'd by frei.-'t. Se'a.seens \arv se) niueli I'kiih 
year tee ye-ai' that no edeseehite rule e-ein lie- ^ive'ii; but, if we-eether periiiit', 
it is be'>t tee plant bidore the* ovipeoitieen perieeel e(f the' llie'S. wlieii the la't 
e)f the' [M'teds ll;i\e' falle'Il fleem late' apple- tre'e'S. 

Rihilion uf l.'iml awl nauhlian af sml li> aeue/e/eet nifi !<talii)ii 

Abunelant meei'ture' preeviele-s faveualele' e'einditieins feir the ele'VelopIlielit 
eif H iihmuin nhrrara, ;is is .'heewn e»n peep' 970. He-ans eni lie‘;i\ v -.diI, 
whie'h holels moisture-, ^row more slowly, ele-e'ay. anel furnish e'onilil leii' 
eittreietive to the- llii-' for eevi[)ei.siiiein. In 1917 one- side eef a hi'an lii-M 
near Perry wa,' badly infe-ste-el. while- the- re-tii:iineler. which was [il.-inteil mi 
the s;une- elay. was fre-e- frenn injury. .Vn e'xamination of the- .soil in the 
infe-.'te-el p.-irt .slmwe-d it to be- he-avy anel 'tie k\’. while- the- unattaeke'd heaii' 
we-re- >ire)winir in litthte-r .seed eef a >;ineiy e-einstituenev. whie-h was rel;in\(-|y 
elry. I'lie- elivi'ieiii lee-twe-e-n the- lwe» types eef >e)il was \i'rv inarkeil, ainl tin- 
(looel and the- jeoeer be-atis fe>l!e»we-el this line- e-leese-ly. Wt-ll-drallii'd fiehl' 
are- not attae-keel as eefte-n a' are- those- whe-re- the- elrama>je' is peieer l,m\ 
anel we-f s[)e)ts. wlie-l'e- Wate-r may e-eelle-et m eet herwi.se- (feeeiel fielels. ulteli 
yie-lel pejeer be-ati-. 'I his i.s in part the- re sult eef matiiiol weerk. iiilt it in:i\ 
eefte-n Ik- eliH' tee the- e|e-e-ay e-anse-e| by the- e-Xee-ss eef ineeisturi' ill the' sell 

Warm, elry seed that m we-11 litte-el furnishe-s ieh-ed e-eenelitioii' fei' tln' 
(jreewth eef Iw-ali', III seed eef this killel tlie-\- W ill Ki-rmiliate' eiuii'kly. :inil uhl'il 
eelli-e- elleeeve- irreellliel thiTe- is little- e-haiiee- eef sorieellS injury fl'iein nniL'irel" 
Ifi we-t seaseeiis it is be-s( tee ile-la\ planting until the- seed can be- we lt liOi'l 
•V fielei sheeuhl Ik- elraili:'''l all'l reelle-e|. ;tnel the- tee|> lave-r eef e-arlh allo'O-il 1" 
elry (ellt anel iK-e-eeme- wallne-el by the- sun. 

! nj! H( ncf uf jii'i cnh wj i-raji ami turn aj lilhra/ a liihl, eeee ;/ee;e/e/eet athn' 

llf-avv infe-stat ieelis eet H ifh mi/ta nliriaia have- iK-e-n feelinel eeli land di-ll 
liael pre-vieellsly iK-e-n in peetateee-~. eeern, leemiltlee-s, whi'lll. eeats, and luale 
as vve-11 as in e-heve-r ami alfalfa -leel. .Many infe-st at ions have- lollnw d '<" ■ 
sine-e- the- llpturm-el reeeets eef ele-eayinir e-leeve-r lUiel alfalfa furnish fiooil I’l'Y 
iriK e-ferieiitieetis for majineets, ami sim-e- e-leeve-r forms a part <>1 -i " t; a a 
rotatieefi of U-ans, wlie-at, anel e-leeve-r whie-h is pr.-ie-t ie-e-el in we-'ii oi . 
Veerk. .Ili.st as .serieeUS eelltbre-aks have- U-e-n feelinel, heewe-ve-r. "" " III 
pree-e-eiint; e-ree|) was iK-ans, e-sp<-e-ially if the- lie-lel hael an iihnn . 
epi.-ifk urit.KH ami wee-ei.s. In the- write-r’.s Karde-n thi'i'e was a ' ' 
tpiae k f^ra.s.s. 'I'his was tiirm-el iimle-r, ami Ik'iiiis .ami lihni i 



Insp>cis am> OiiiKit Animal I’k.vis Inji lo Field Bea-Vs 97,5 

tlii> were infi'stc'd witli iiiiifrjrois, (!„, i„ „thor parts of the garden there 
\\:h no injury. 

Whelan ( 19H)) lias found maggots in fresli manure, and he says: 

rurth.TMKTr. it ;ij>l).';irs tliat ivhiF w-.-n- .-ipt a. sailer M-hen pl uit:d on freshly turned 

riou r sod, e.spe.uully ,f rerenily fertdi/ed u'itl. nndee.m.p ,sed munuro. they stood a much 
iH tli r chance of .■sce.pe if the held was prepared larly in the seas m and the maggots myen a 
cliaiire to deyelop and disipjie.ir before the beans were planted. ^ ° 

1 ho t lit' \\ 1 1 1 e! If. IS I )( M 'll I uiai lie to find evidence of flies Free ding in manure 
lie has found many imiggot-infesied fields which had lieen covered witli 
tnatnirc just liefore plowing. If niU'l he said, liowever. that .serious out- 
lii'c.aks have lieeii foiiinl where iiitmure was not used. 

It :i field is fitted early and is allowed to dr\’ otit before the mature flies 
seek jilaees to ovijiosit, it a]ipi'ars to he less attractive for oviposition than 
newly turned .soil. In 1929 the lahoratory field was jilowed at a time 
when fiie.s witli well-iicveloped ego.s were iniincroiis. and many bean seed- 
lings were infested. I' ields near by that were jilowcd earlier and allowetl 
t(i sttuid Were free troni maggots. 

Itiliitidii i)f ill pill <ij itl'iiiliiKi to i/ijarif III/ w't(/i/(i/.s' 

Hetms planted deep m the ground lake longer to reach the surface and 
arc thus cx|ioscd for a longer period of lime to mtggot attack. It has 
hocn ohserved mtiny limes ilipt beaii' planted dceii in wvt grouinl suffer 
more from H ijU m i/in (l|/</■lillt tli;m those that are plantml less deep. For 
example, in 1917 it w;is often noticed tliat tlie licadlands yielded better 
licaas th;m the remtiinder of a held, 'riiis )> ;it t rilnitcd to the more shal- 
low planting, for I lie soil w.-i.s not so loose .at tlie edges ef *he field and 
tlici'cfore the drill did not sink >0 deep. 

In 1!H7 a field under oliservalion liad nearly every lieaii tittacked by 
mtiggots. The seed liad lu'eii planted m wet soil at :i dejith of from three 
to ti\-e inches. Aft. r lliis tit>t iilanling was di'stroved In* maggots, the 
field was re.siu’ded at niice. ami the beans were drojiped as near the surface 
ol tlie ground :is possilile. .''ome of the 'ced WU' even left 011 top of the 
'Oil, and ;i lioy willi a lioi' followeil the iiiachiiie to co\er tlie licans left 
' Xposi'd. A 9.5-per-eent stand resulted 

In aiinllier ease a grower started to make a ver\' sliallow I'llantiiig ol 
i'caiis. \\ lien he had gone part of tlie way across tlic ticlil, he decided 
tlial lie was not getting tiie seed 111 ileep enougli. ;ind so lie [ilantcd tlie 
t'liiaiiider of tlie seed iniieli dee|K‘r, .Vl ha'vi"t time the lieaiis pl.inted 
hi'l. tile sliallow-phinted ones, were the only ones wurth haiwstiug. If 
tia' lu'ans are |il;inted too di ep. man'’ "iH dce:iv because ot tlic cxccssnc 
""'I'lnre. and the maggots will desIroV a huge iiroporiiou of the reimunder 
, l A|)miments were eondueted in 1!>I7 to test tlie ellcct ot tlie deptli o. 
'"■'"'"IK mi the time rmiuired for tlie l.eai.s to lucak tliru lim ^joil. Beans 
Jil.aiited on good, tho very wet. soil on .Inly 12. W lien the ticld was 
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('xiuiiiiiod oil .Inly 19, thr hoans tha( wore jilanlrd al)out oni' imli il(v|, 
were noarly all up, tlio.'^c plant(‘<l ilircc iiiclics deep were about hall tlim 
tho soil, and iioiu' ol‘ lliox' plantial five iiiclics d('cp wore >('l idiovu jjioiiiKi. 
In another W(‘t held lt)t) mmnIs were planted at depths of one, three, and 
hve inehes. on .Inly lf>. On .Inly there wi-re. in the one-inch planiiin;, 
o7 plants, of which 4 were snakehead>; in tin- three-inch plant inji; there 
Were .So plants, of which •') wine 'Uakeheads : and none of the beans planted 
h\-e inehes dt'ep hail a|)|)e;ired above firoiind. In t he laboratorv fiidil, iindei 
lather warm, dry eonditioiis in .lulw 19 IX. it was found t hat beaii'' planted 
thre<' inchi's deei) came up nearly as(|uiekl.\' as those planted more "hallow, 

Siutitniii'ii Ilf pm I nhri nini.-^iiii s 

'J’he results of exiM-rinieiits on ;ii t ilieial eoiil rol nieasiiies, sin li ;i" roatiin; 
the seed before phmtinu; and treatinij the "oil with mateiials of a re|ielleiii 
nature. atYord small hope for their futuie "Ueei ssful de\elo|)ment . a 
result of a 'tud.\’ of some of the f.ietoi" (io\ei nm^ infestations, the |iii""ilile 
preventixe measures that h.ive been dl"eU'"ed in the forejsiiino; patlC" are 
suinmanzed in the followinir par.aj'iaph". 

'I'he soed-eorn mairuot i" more "erioU" a" a pc't when the montli" ol 
Ma.v and .luiie ,are r.ain.w ;md the mouinl is eohi .and \\et at be.an-plaiitiim 
time, than under other condition" 'Ihe I'le.atest injur\ lesiilts win'ii 
■•^‘veral unfavorabli' year" occur in "Ucce""ion. Ihilniniut I'ilininti iIiiim" 
whim ovi[)ositioii take* pl.iec under wet comlilion", and theiefoic it i" wis' 
to plant when the "oil i" dry .atid the e.aith t" waim. The "oil "hoiilil .ii'l 
he Well fitted with a di"k or .a harrow, .and then lolled, and linall.\ , alti'i';i 
few waim daV" have dlled out the to|) "Oll. the be.ui" should be pl.'llitid 
if the field i" fertilized III Oldi-I to h.a'ten ih*- germination of the "l ed, llnii 
is a still better chance of neltmn .a st.alid. Ilowever, held" teltlll/i 'I \'llli 
fresh maiiure ju"t iM foie plowini; often -how ,a he,i\ y im'est.alioii et in.iii- 
fjots, and so this condition -liould Is- (xua'ded ai'.aiiist in wei yeai" 

As maKUOts developing from e(;^- depo-lted on newly tilled (iliilinil nr 
often found in dec.-iyitiu m.-itter in the soil, it is "oineliiiies wi"e le fi> jj 
field early, before mo't of the llii" .-ue .-exually mature. The irriiiiiMl "il' 
then be dried and h" ;ittr;ietive to fhe» fm o\'iposition b\ the uimi di'} 
come out. 'I'he pre-eiiee of lu:inv flies of llii-- .-|S'eie~ erawllUll o\i'i lirw ' 
turned soil Is-tween plowing .iii<i planting tune is a nood indir.iiiet; ini 
seed plantt-d then- will probably be infested. In Ihlts. 1919. .iM'' bb ■ 
sexually m.'iture flit-" were mo-t numerou" m the fields at l’eii\ torn ' 
2 ') to .June It). In I9I‘) tfie I'leaie-t mimlH-r weic preseirt .-iboiii I'iik ■ 
and in I92lt tdiout .June 2. If tin- wa-jtther permits, it is Is-lii i I’ 
ahead of this brotsl. If this is impossible, plaiitiiui should b- ' i'' 
until the flies are less cominoti. ^ 

It IS extremely im|s»rt.-iiit that iH-aH" should not be planted 

wi-t ioil. If thev are, .some of the .-.eed will rot and the inanuot" w II 
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nu)<t of the remainder. Not only is the .soil three or four inches below the 
surface much colder and more moist than the tijp inch, but also the deeply 
planted seed germinates more slowly in wet years. It is wise to force 
seed to germinate and grow as rapidh' as possible, since it will have escaped 
serious injury when it is onee above ground. If in shallow planting some 
of the beans are left on top of the ground, they may easily be covered uith 
a hoe. A bean planter or a corn planter usually will give better service 
than a di'ill in wet years, for either i.- lighter and will not sink so deep in 
wet places. If a drill is used, it should be ailjusted to make a shallow 
planting. .V grower who jilants his .<eed deep in wet soil at a time when 
the .si'xually mature flies are numerous, is sure to have a heavy infestation 
of maggots on his Ixains. 

TIIK I.MFUUTKL) I'lKLD tiUAV SLl'i; 

{Atjnoliiniu' (Ujresti.-i L.) 

OUIiilN 

The field gray slug, or garthui slug (.[<irioUtmx ayrestis. Plate LXIX, 6), 
is an imported spi'cies which, with two other foreign forms iLuhcix mnxiwus 
h. and L. 1hivu.‘< L. ), do<‘S mon' damage and attracts more attention than all 
of tile otlu'i' t wmity-niiK' specie's of slugs ri'ported from the I nited States 
AViiite. 191S). a'. (ujnMis is an old irs dent of Kuroiie. having been listed 

in Kngland as early as 1671. 'I'aylor 1 190< ) reports i' m the fossil rocks 
of the Pliocene and Pleistoi'ent' perimls from many places m the Biitish 
Isles, as well as from ( lermanv and I ranee. It appaientlt came to th s 
continent from Murope early in thi' eighti'enlh centur>. 


lUSroUY .XNI) Dl.sl'R'lifTIO.N 

Tlieobald 11905) states that .l./rm/mm, ut/'C.sPs is found in near y every 
surdca in England, and also on the continent ol h-urope and jn 
-Madi'ira. and Algeria. 'I’avlor 1 1907; stales tliat it occurs also m iurkes- 
bui, Cliina, .lapan. A-sia .Minor, .Morocco, (’ape ('olouy. Zanzibar, .yus- 
b'.dia, and Xi'w Zi'aland. as well as in Brazil, .Jamaica, and parts of (..anada, 
"11 this continent. , ,, 

III th(' I'nited States it was first reported near the scapoi s i . " T 

Xen York, and Idiiladelpliia. De Kay ( IShP states that Burney kneu it 
hcloi'i 


isi;h”t h'o* liinno'’ (isol ) still had trouble in separating 
I'om the native sjx'cies .1. ouiiiH'stria. which it vei> 

^iiicc IS51 A. (Kjrc.'fti.s has spread gradually westwau hterature of 

l"''ally in manv States. Its presenei' is re]iorted in i * p,j.,;ev 
-^Imiie, Massachusetts. New York. Pennsyl'-ania. *. 'jg 

Ihiimis, Wiseon.sin, Ohio. Oolorado. Washington am a ( silinirerland 
I” I’ably present also in many other parts ot Vj'"' E wqi ''paker 
th(* slug at work on tho <‘olk‘go larni at i 
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('1902) (lid not find it around Chicago in 1902, tlio it had been icp at!' 1 
from ^Michigan in 1899. ( ’ockon'Il’’ found (u/ir.-itis in ( 'olor ido in 1S9(I, ainl 

ho sfatt's that it was hroujtht thiu-o from \ow .h-rsov. Ho n'poiN it aKi 
in Orojjon in 1891 and in (’alifornia in 1892. 

In wost('rn Nh'W York tho looalitic's intostial l>y .1. (ujirstis an* iniToa'ini;, 
and in wot se'a.sons many bo.ans, as well as other fi(>ld and ttarden crni)', aiv 
injured. 'I'Ik' insect is apparently not a |)est in all sections of (he lieaii- 
firowing eountii's. lait apptairs to be limited to a few farms and garden^ n, 
<>aeh district, .^ome |)laees seem to be entireb’ free from it. It is often 
abundant on snndl truck farms, and around the shriil'lx'iy and tlie garden, 
n city lots. It has, no doubt, been carried into its pre.scnt habit.it. m 
t I’.e straw or moss |)acking of Inilli-'. 'Imib.'. or iiiirsia’v stock. Di'.eiin- 
i.ated iti this waw it 'cems to thrive, and it a()paiently |)ri‘fer> lailmatel 
cro[)S to Woods and pasture land. .\s it Ix'coines iM-tter estal ilished the 
species ma\' be expected to spread troin the present centers ot intc'latiiiii 
until it is of almost gemaal distribution. The long, cold w intcis iiHi n 
exjx'rieiiced in New \(irk. however, should tend to [)re\cnt the senmi- 
dajnage that it causes luairly every year uhere the cliiiititic eonditioii' ,iii' 
milder and more uniformly moi't. 


s'isIKMMn |•^.s|||o^ 

The Hehl gta\' slug Ixdong' to the phylum .Mollilsca and tile cla" (o 
tro|X)<la, which ini ludes the slug' .and tlie snails, Ai/i'iolii>t<i.r ui/zot.' 
placed in the family I.iina<ad.ae. the inemlx'rs ol which have no cxtcui' 
shell. 'I'liis famil>'. according to 1‘rati i 19l()i. is represented m .\iucU' 
bv onlv si.x sfx'cies. The large spotted 'lugs ol the family are now I'luo 
in the genus Limax I... while smaller toriii'. such as nijri hcloni; 
.\griolimax .Morch. Because ol its v.aiicd coloration, this slug h.i' I'o 
de,scriU'd under many '|x*cilic names. ra\ lor (1907) gives a coiiijM 
.synonym^’ for the s[)ecies, and list' ten \:iriciic'. with the localui''. Ii"i 
which each luts been reporleil 


il 


oKNKUM, nr.'i liiiM ION or i nr, .si.i os or iiir. i wiii.^ i,iM\iin\i 

The field gra\ ~lug l*elongs to the same group ol Mollusca .i' lb 
and dilTei's from them but little except m the 'i/<' ainl lorni "i li 
In slugs of the falnlls' l.innnadae no 'hell is Vl'lble on the out'i'l' 
IkmIv, but there is a thin c.alca.'i'oU' (ilale 'I’lale l,.\l \, .i) concc:il’ 
mantle the fle'hv shield over tie- front pait ol the slug, lb' 
elongate-subevliialric.al, an<l Ix-ars a mote or les.s proniineiil dois.il 
the retractile head are two |»atrs ol tentacles; the anterior pan .u 
ing, while the u[i|xu, or posterior, pair l«-ars the eves. I he )'>> - 
form of roundeil knob- on filamenl-hke -t.alks. When the. lug o * 
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lji(> eves iiuiy 1 k‘ witlidniwn down the tentacle, and in young, transparent 
.spt'cimens they may tx' ri'adily seen even after they have been retracted 
into the hi'ad. Slugs liavc* tli(‘ power of secreting from pores in the body, 
and esiM'eially from the anterior ventral surface of the foot, a slimy sul)- 
stance known as niucim. 'I hi' shell-concealing mantle has, near its pos- 
terior lower border on thi' right side, a circular breathing pore which 
opens into a n-spiratory chamlx-r beneath. This is lined with a richly 
vascular epithelium sub.serving the function of a respiratory organ. Just 
behind the right eye-stalk is the opciung (if the g('nital organs, thru which 
eggs are extruded.' Slugs of this group arc hermaphroditic, both male and 
female gctutal organs being present in a single individual. 


ancient SCI'EU.STITIONS ( ONCEKNINO SLITIS 
Slugs have Ik-cii known in Furojie for many years, and the older writings 
in r(‘gard to them contain manv interesting notes, '1 h(>y have been used 
as food in Kurope. and it is san'l that as late as IStW tlmy were prescribed 
by French phvsieians, to lx* taken in tlu* form of a sirup. slug distillate 
was eonsider(‘(l good for the complexion iKingsh'y. bsSo). A plaster of 
slugs with the heads remo\'('d. bound on the fondiead. was believed to 
cure a headaclie. and slugs eaten ahv(' in milk wcUf’ thought to cuie con- 
sumption (Rogers, 19()S). v r i 

.As slugs alwavs appear after a rain, tluw were believed by English 
fanners in the eighteenth century to come from heaven in a ram cloucl 
iTlii'obald. 1S9:)). Since toads gather in infested hidds to feed on the 
slugs, it used to happen that gardeners and farmers of a hundrec .rears 
ago. finding that their plants had bemi de.stro.ved during the nig i . \\ i 
blame and kill th(> toads, while the tval culprit 
retri'at underground (Ritzema Bos. 1S9()). l.at(>r. th('\aui ° 
eiK'inies of th(' slugs was appreeiafeil and ihive francs a P‘ 

them ((luCmavix. 19(Vn. Years ago tlu‘ small shell of the .slugs r c- 
regard,-,! as an amulet, which, worn on a string around y"' 

I.eli,.ved to pr„t,-et the w,-arer from harm. AMu-n 
iipiieared in large iiuiiihers in the gardens ol Kuiopeaii , oim 
ciistomarv to invoke the (Hiwer of tlie t huveli against , iiqi)?) 

that thev might lx- thus reniov.-d (Kingsley, ISS.D; 

Males that the Ritual of I’aris. A. IT 171 A eontams dehiiit, exoui.m. 

•lie i)ur]X),se. 

PKCfLIAK ll.UUrs OE Sl.l dS 

Nome slugs are .said to have a partiality lor moist '''''‘T* ' ‘ 
‘anliworms, dead elaiius. dead slugs, iiu'al. tloui. (uan. ^ Thev 
sponge cake, and IxKik bindings, as loud i ooe- ■ j j 
b.-eu known to .-at out the e,.rks .-t ; ^ua even 

ely ,-mpty !),-er bottles and bathe themsehes in tlu i> „„(,ij,„.i-s of 
■ttael. their small mouths t,. the .Inppmg taueet^ ol lont.u . 


) 
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ulcoliulif hm enifji's. Th(\v will crawl into Ix'chivc's and food on tlic Iidiii v. 
apparently iinnuine to the stings of their enraged hosts (Ueli, Ihldi. 

K('ON( )MIC IM1’( m I'A VCK 

In wet years tln’ field gray slug is oiu' of the two most destructive animal 
pe>ts of H<dd l)cans in New York. During th(' rainy summers of lOltliuiil 
1917, iK'arly all of the plants in some flidds were attacked and many wcm 
entindy destroyed. Mstimates of the lo.-'ses on twenty-one faiiii' m 
Orleans ('ounty in 1917 varied Ix-tween o :iiul 7t) jx‘r cent. In 191, S the 
writer .saw a Ixaui field in Monroe (’ounty in which al)out one-tliii'd et .i 
ten-acre field was m) l)adly attacked that not a trace of a jilant wa- left 
above grouml. 

In achlition to its attacks on field lK-;ins. tlie slug often caii.'i'.' iiiurh 
injury to garden beans, lettilee, cabbage, [was. potatoes, radis)ie>. ainl 
strawlx'rrie.'. .Vs tht“ s[m'cics becomes better est;iblishe<l in tlie Itirni'anl 
gardens in new localities thruout Xew York, it is probable that unite 
widc'-pread .attacks in.ay Iw e\|>ected on crops during wet .setisons, 

.N.\ll ItK or I UK INJI liV to KK^.N.S 

Imintiture siM'cmietis of Aiini>hinii.r miri .'•hs eat t he tiaider tissiii' bctwi'eii 

the veins arnl the veiidets of the le.aves. thu' giving them .a skeleioiii/eil 



Vfo. rvri KiK'* hv ADRi«>!.fw\x 

S \ sJiovnfuf fi M. Hrfin pltinft injiio”! i ,lmo' 

Krsipffift in r < tliit w*t«* uiprrrvl hy 

ph'.f ogrApfi***! nf harv#-*! 
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apixTininco. ( )l(lor shifts, liowovor, rat parts frona thr edges of the leaves 
and treiiuently continue to fiaal until every leaf is rlevoured (fig. 91, B).' 



l-ic. 02. RAI>1 1.A or \(.KlOI.IM\X WO KKSII.IN OF 

OF si.ro 

A. Kmlula. mi hngutjl ribhon. of nr><li‘ vip *f in \ii> hutnlri'rl '^inall. 

lorth, X H, VoiinK plMnl** '•how nut rns.il of N'«''hn*t !»' I'n' '•Inif 

I'nmi firhl in MiniriM’ (*«mnty. .\rw \oik in piif-^ "f whnh ill tin' pliiPJ- "nic 
'ln>4f r(ivi.,i by >1 ukh; li'iro -irons sIjoh ii 

"I'liiiies the jx'tiole and a few of tlie iiiiiu veins are lell, luit otfeiiei 
' plant alxive th.- surface of lli.' ground is di'stroye 1. During 
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tlu' ilaytiino and in dry wt'athor tho slugs fc'ed hcnnath Hu' ground, l atina 
largo parts of tlio stoiiis of plants (Plato LXX, 2, and fig. 02, H). Such 
plants may lx* so sovoroly injurod that a wilting of tho parts ahovo groiiml 
results. 

When a slug crawls up tho stem of a young hoan plant, it usually dovoiii-: 
tho hudlik*' growing tip Ix'fon' it niovos on to tho li'avos. Plants of thi' 
kind an' always sfuntt'd and show an ahnoriual. usolc'ss growth of muiII 
k'avos (fig. 01, (')• Such plants oominonly die, and oven wlu'n tin'y suimvc 
they f:ul to produce' mature se'i'ds. 

If tho slugs are numorous at th<' tilin' of pod formation, it is not 
for thorn to oat holes into tho sides of tlu' jxxls (fig. 01. .\) and ft't'd on tin 
soft beans within. Often .several hoh'S of this kind ari' found in ;i .sinuli 
pod. and sometimes a slug after destroying oni' bean will move' aleing iii'uli 
the* pod anel fe'oel in turn em till the' re'inaining see'els. 

IXJt nV Te» I’LA.STS OTHER THA.V BEAN'S 

In its neicturmil fc'e'elings abeive' gremnd. .{(inoli/nnx <i(jrcst!s .se'e'ks the 
teneler leaves eif Ic'ttuee'. ee>rn, e-abbage'. tind eaulifieiwer. The' injuiy 
which the' slug eleies tei these plants is similar te) thiit which it prodtirc' 
on large be'an leave-s. atiel cause's the' plants te) be'ceinii' unhe.tlthv timi 
unmarketable'. Whe-n the- we'titlu'r is siie'h tlnit the' slugs ivri' iiclivc iti 
late summer, tlcy free)ue'ntly e'at hirge' lieile-s in the' side's of ripe tomatnc' 
atid fall strawlK'irie's, in aeielitiem te) e'ating the letive's. 

d'he [lest fe'e'ds unde'igreiunel em peitatex'S. anil, teigi'thi'i' with thi' milh pcili’ 
./ntiis cnerul^oci ncln-s W'oeiei, e'au.si's e-oiisieli'nibli' iltiintigi' in western New 
Yenk by e'ating out huge' e'tivitie-s in the t'dM'i's. (’tirreits. turni|)S. radi'ln '. 
anel In'ots suffer similar attiie-ks em thi'ir fleshy roots. 

He),srs A.NI) PeiSSlBLE Koeu) srPPLiES 

Agrioliiftnx ngreMt'* has >ue'h a wieii' rang*' of fiKiil jilants that it is cla"'''! 
as almost oninivoreeiis. .Ameing the' phints whiedi it fe'e'ils upon tire' e tii'l'at-'' 
potatoes, eggplant, li'ttuce. iM'tins, lima bi'iins. [X'as. e'orn, .str:iwl)ci M'' 
geioseberries, cue'umlx'rs', me'iems. e-aiiliHeiwer, whe'tit, turnips. Ix'i'ts, c.iiiiii'' 
railishe'S, e'ole'ry, I'leiver, oats, elaliliti, eltineli'liem, eloe'k, e'hie'ory, tohao" 
he)pH, anel teirmitoe'S. 'Fhe-re' tire' til.so mtiny we'e'el heists on whii li n'l' 
me)Ilusk may be founel, such tis bureleie-k, rtigwe'e'el, lainb’s-(}uartci - air 
mustard. It finels [lalatable .se-veral spe'cies eif mushreiorns alsei, and irin.' 
ornamental shrubs ami vines, anel it finels abunelant feieiil in soil land ‘1' 
lawns Overgrown [iltice.s in fe'ni'e* e-orni'is tuiil along the eilge'S oi dci ' 
often harbor many eif the slugs. Manure' is jici'eptable to them a ■ 
and their e;ggs, as we'll as young slugs, have' bi'i'ii eibserveel in Itirgi' n' ’■ " ' 
where rntimiri' hael Is'i'ii .si-titti'ri'il in [lih's around ti fii'lil. ( ‘ookc 
me-ntiems tis tunong the [lossiblet fooels of agrrxtis, mtiy-flie'S, bi'i'tli'S. ai d' r 
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iiiid HliiCiv ( I92(j) <1(1(1 SOU' (MPl hworjiis. liiid jiphids 

t(i this list ; Tayhir (1907) n-cords a case in which ,1. (iijirslis killed and ate 
shis>^ of th(’ sp('cics A. cunpe.stri.'; wlien the two were placed in the same 
hex: and Lehour ( 1911-1.')) finds that thfw eagerly devour the proglottides 
of .M'ini('zia, a tap-worm of slie(‘|). It would seem, tlru-efore. tint, while 
the slugs usually prefer a v('getal)le diet, under some conditions they relish 
uiiinial food. 

DK-sciiini ION or sr\(iKs 
Till c;/;/ 

The egg of Aip-iitUiirix tiijrixli> ( fig. ,S7. ( ' page 9.'>4) is (dliptical or spher- 
ic.d in shape, and is tran'lucent. jelly-like, bluish white, and iridescent. 
I'udcr magnification th" thin outer covering is found to h:> slightly 
roughened with r('gular I'aised and dcpressirl areas. 'I’he eggs are found 
either singly or in masses, in th(' latter case being held togetlcer liy a trans- 
lianuil sc(a'(‘tion. ()n one end the small, projecting inicropyle is vi.sible. 
especially in newlv dep((site(l egg'. 'I'lie eggs vary fnnn 1 .!> to 3 milli- 
iirders ( 1 111 to 1 S inch) in length. 

Till' n»iiii(i Aiiij 

X newly hatcheil specimen of Aiin'iilini'ix ii(iriAi.'< is without definite 
form at first, but it soon assume' much the same app(Niranc(' as its parent 
exceiit that its tentaides are relatively larg(‘r and its Imdy is transparent, 
pi'finitling the black nerve cord running t > th ‘ i\ve to b > (Msily se;'n thrti the 
l'od\' covering. Voung slugs have a pink'sh tint at first, but later turn 
to darker hues as they Ix'gin ftaaling. 

Till (nU-ijrii-ni Aii'j 

I he slug ( I Mate I.X I .\ . b, and fig. S7. I b is des(a’ib(Ml by Taylor 1 19U7 :10.5) 
•■Is follows; 

niiiiiat lioKK ifnrai. witli t.-irge Ixd llottiaicl latn-ri'I*''. ot a somewhat miiforni whiti.sh or 
I* h n('hr<‘on.s ground eolonr. txU .-onu'lKnes ilnll l.( vender or oi her tint . often mottled, speckled 
"t o I n-iilaled «iih l)ro'V(( or tdark. and .at limes totally snlTused with hkuk. h hIv sunewhat 
<'''>ii|ires.sed and keeled lii«ard.s llie tad: tentaclis ilarli eeliiuri'd'. shield more th'Ui one-third 
die let, ’ll length of the aintnal. rounded in front and hehntd. eoneentne '(nae not deep, "ith 
the iiui-h ns on th(’ right sitle .and towards the rear, re.'.piralory ootiee with a broaii usualp 
iiiipiamented raised ring, wtiieh is eul anteriorly liy the atial eleft : s"le pale and longi 
t'l'liii illv tripartite, the side area.s sometimes darker. esiH'eially towards the t'ul: sile-frmge 
.'I'p .1 ii, (I as usual from the Ixxlv l>v a furr m-, eontaximg a row of e! mg'ite tul't roles, up.in 
" "111 the body tulxTrles rest umamfor(nal.l\ Muei.s pi.'Utiful and yivoous, oiteti otear 
'be 1 iT.'iHlmg, but becoming milky-whil'’ on irrilali.xi. due to inmi'iierable particles ol ear- 

'I'll. li iif Ixii,.. 

' tdh usually aboul d.') mill. 
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LIKK lIISroUY AND HAHITS 

The egtj 

I'luler New York conditions, some of tlie ejrgs of .{(/nolniKi.f (i(iri.~.lis 
are deposited in tlie fall, from Aufrust until Deei'inlu'r, and many of the 
mature slugs die soon aftinward from the cold. If full-grown slugs live 
thru tlu' winter, they may deposit eggs during May and .luiie of the folluu- 
ing spring. Slugs developing from thes(' ovinwintering ami spring egg- 
will mature and in turn deposit eggs in the fall of that \-ear or in the foll(u\- 
ing spring. 

In the sununer of 19 1 7, which was very wet . eggs were de|)osite(l iiinre nr 
less continuously from May to Ih-eemher, htung esp('eiall>' mnneroii' in 
Septendier and Oetolier. Theohald ( 19l).">) ri'ports tliis to he the nonnnl 
condition in Kngland. Lovett and Black 11920) state that in (tregmi 
egg-laving occurs at all arsons of t h(“ v<‘ar. and that t hi' greatest nunilier nt 
eggs are deposited in the spring and early sumnu'r. 

In 191''. which was aulrier and more nearly iiorm.-d season for New ^nik 
than the preceding years had heeii. eggs were deposited hy the slug' iii 
cages during May and .liine, and not again until Sejitemher 2.5. In tiini 
Near, as well as in 1!I19, most of the eggs were deposited late in (ti tulni 
and duriiig Xovemher. Moisture is a lactor of great influence. .View 
<if the eggs depositi'd in July ami .\ugust of 1917 hatched that lull, hut 
whether these young slugs survived the cold winter that followed i' imi 
known. 

'I'he dates of hatching for eggs de|Misited on Ma.v I. 191'', hy an hm t- 
wintering slug were .i- follows; May 27. three; Ma,\' 29. two; ,liiue h leiii. 
and Jutie 2. fi\e. The avenige length ot the egg stage wu' 2ii ■> Ti'' 
I'-ggs that had heen depo-iti'd I;ite in the |)re\'ioUs fall hatched liitwciii 
May 10 and June 0. the length of the egg stage in this ease heiiig liciw;''ii 
si.x and .-even months. I'arly in the siunincr all the slugs m the ticM' an 
ahout the satlie size. ;ind it is therelo'e |»roh.ihle that the tact that '"'111 
eggs are dcfKPsited in the spring and oth< rs in the fall has little inllui'ini 
on the hatch ng date 

During the winter of I*)I7 IH, there was in the greeiihoii'c. wine " 
tenifM'rature ranged from to !•., a wide variation in tlie ■' n'-' 
the egg stage, which ranged from 20 to ~>7 da\s. the a\erage |oi D ' s)--’ 
U'ing.J7..> days. In a greenlntuse which w;is kept at a constant lein|>' i 
of HO'" T., 24 eggs hatched in an average of 24..'{ days. I heohald 
give.s from thiee to four weeks as the normid egg stage in I'.nghino 

The eggs of .1. (uin.fh.-i are tucked itito crevices of the soil, not l i’ ^ 
the .surfacfi of the ground, and are .il.s«> hidden tinder riihhish a , 
jeeting stonr'S, around the walls of hiiildings. and among the root' " 

In ls-;m fields that have lieen l>;n|lv infesterl, the slugs collcc^ un 
D-an tales in the fall and dc|)osil many '-ggs. In the fall of ittL "" 
five hundr<'d slugs were taken under a pile of this kind, and the i 
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countless. Sluf<s tlirive in .sod land and many eggs may be found in the 
-priiiK around the roots of f<ra.ss in fence corners and in meadows. 

( )n(> pair of field Km.v slujrs may deposit from 500 to SOO cf^gs, accortling 
to 'riieobald ( 1905). 'riiis writiu'says that the eggs are given out in batches 
of al)out 50 at a time. c(‘ni(mted together in piles of from 6 to 15. Taylor 
! 1!)07) citi'S a <'ase in which a pair of (ujnMix depo-^ited 774 eggs during the 
Mcison, and Lovett and Black i 1920i found ()12 eggs deposited by one 
-pcciimm b('tw('en May and the following .\pril. Oni> slug, found In' the 
writer ('arly in the spring, deposited ISO eggs l)etween May 5 and June 
10, Two slugs eonfined in one cage have pioduced as many as 464 eggs 
licfore they dii'd, and it is probable that, dm' tocage conditions, this was less 
than the normal number. 

Many eggs of ,4. do not hatch. .Vfter the severe winter of 1917, 

the writer was unable to find a single egg in the spring where there had 
been thousands in tin' fall preia'ding Tliis natural destruction is. without 
doubt, a grf'at lu'lp in redm'ing the numbers of the pest in western _Xew 
Vork. While the eggs need moisture for their development, excessively 
w(‘t surroundings an' unfavonibh'. for under such conditions they become 
moldy and sjniil tho they may retain t heir normal shape. In a dry environ- 
ment. the ('gg covering will shrivel and the egg will contract until it might 
he mistaken for a particle of tlu' dirt on which it rc-^ts. When moisture i.s 
added, however, it will again swell to normal size. Blaml an:l Binney 
’ lS7.di descrilie experiments in whiidi eggs of .1. were ilried mmv 

tiini's in a d('siccalor. in some cases Ix'ing kept in this condition for sovoial 
years; when tlu'se eggs were again placi'd in normal moist surroundings, 
they assiiiiK'd their usmd shaiie and leitclu'd. Sinci' tho development ot 
th(' einbrvo in tlu' egg is easih' observi'd. much study has been gnen to 
lliis part of the life cy(de by Mark i ISSD. Kofoid i lS95).and Byrnes (,18991. 
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N'ewly hatched specimens of A(irloliiiri.r (iitn differ but little in theii 
haliits from the full-grown slugs. Because of the limited toj. supp \ 
m proportion to the large immlier ot slugs h itching from a single i gg in.xss. 
these slugs appear gri'garioiis. .\s they become oldei an. mou i,iu,\. 
diey migrate from the original center and s|iread out in s.'iu i o o ui 

f I. Cooke (1S9.5) reports that on hatching they go into the groimd toi 

l'"iir or five days before feeling, d'he writer hail noted 

'■'ises did not show strong evidi'iice of feeding tor se\eia i a\s ‘ ' 

dngs hafehed. luit he had attributi'd this to the small size o u . • 

tasping at this time. tli.o it is 

I hi' young slug often secri'tes its slime m such huge qu.n , ■ ' 

L to descend from plants to the ground on a tliie.u " , , -I'l 

‘' 'lor (1907) states that this .slime thread is the sanc' 

'' ' '^hig wh(*rever if crawls, except that it is treed fiom u 
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earth. The .'<aiue writer dt-elares that (uinstiK is able to dc'seend at the latr 
of five iiudies a inimite on a thread of thi.s kind, ami tliat one S[)eeinii'n \\av 
foinul hansiiiS on a thread .stwen had from the jioint of attachment. At 
times tliev reascend hv tliis.saiiu' thnaid. 


TIk sliuj 

The ailults of A(jnoliwii.v iiijirslis. as well as the yomiji. arc' noctiniial 
The>' are seen during the day only in cloudy or rain>’ weather, or in '•hadx 
and conctaded j)laces. In an infestation under ohservalion on .hilc 
191S. th(‘ slues w(‘re on the [)lants from .-(Aeii o'clock in the eccniiii; until 
(d^tht ill the mornine. .\> it hccomes lieht. the shin eniwls into a eiwiir 
of the soil or uinler .^ome proti-ct ive co\-erinn such ti-' nni'S. atiaw. er 
hotirds. This aversion to linht is <aid to continue even ;d't'M- tli' e\i- 
hearing tcmtacle-; have l>een removed. In ;i hean held the slun-' frei]Ui nlly 
burrow down near a bean plant .and fee I on the pirt< below tiround. Th' 
writer h.as found them biirieil from four toi-inlit inches deej) in the veil, 
with their tentacle' drawn in. Thc\ wiue eontracteil and inactive, ami 
were covered with a coat inn "f 'luiie to whn li partii !cs of ilirt adlieinl 
In the eolil weather of winter they hibernate in t hi.' rc'linn po'ilioii 

'I he field m'.a\' sluu move' b\ an almo't im|)ercept ible shortening and 
lenjitheninn of the museh ' of the foot, or under side of the body. ra\lm 
( 191 ) 7 ) declare' that two inchc' a minute i' a nood spiial lor thi' 'perii'. 
and has c'tmiateil that ,at thi' rate it would taki’ iwiaiiy-twai daV'iiml 
ten hours of 'teadv movement to cover a mile, .■'inee the sliiii' lino 
been in this country thev have .apjiaretit ly .ab'orbeil some of the \iiieii' 
can spirit . for t Inw have been i/b ei ved t o no III Hell l.i't er than I h m. .''eiiii' 
shins are r. [lorted to return to the s.inie iiidinn place ninht altei nieli!- 
but miri.'li.i appii'ently iloc' not have tlii' habit 

d'he iioetu'ttiil tr.ivel' of the 'liin ar<‘ recorded each nioiiiinn h\ ih' 
trad of shine which the .animal le.i'.es wherever it n'>es. .\llei i i I'li 
these slime trails ari' often found on sidew.ilk'. ainl ill heavilv llile'Iol 
fields the writer h.i' seen the nio ind and th' plant' '» eoateii wiih the 
niisteninn secretion thii thev hive .an indeseent ,ap|i ■araiiee Men 
'lime is 'ccfeteil on a <lrv snrlacc than on one that h nioi't, anil "n tin 
dry siirf.acc the slime ajipeais more milky, dtii', it is believed, to i! ' I" ' 
eric<- of p.articles of carbon.ate of lime. This mueoU' '"crctioii i' 'Upi'i'o 
by some wnters to aid m locomotion, while other writers deelan ' i e 
rentilates the evaporation, thus craitrollinn th " h o Iv tempei t' i ' ^ 

is tliounht til'o to serve tis :i protection an tinst enemies. When c 
by a fiiielv pulveri/i-d su bst aliie. s lch as hiii", ui/o.'/m will n''"' ' 'Jr 
amount.s of 'hme from the pores of its b».ly. and when this mixe ^ 
fiowder it UsUtdIy form.s ti co.at around tlie animal. I he slun i' - ' I 

able to e.sca[K" by h-aviiin thi.s cotit behind, iait it m.iv become " ■' " 

liv it.s striin^jles th;it it die.s within the covermn. 
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Method of fecdinij 

Aiiriolimaz agrestis doi's not oat in the same manner as does a biting 
insect, for its feeding apparatus is very different. The jaw (Plate LXIX, 
10) is a concave, chitinous proee.ss attached to the roof of the pharyn.v. 
In the center it bears a tooth with finely serrate edges, which helps in 
tearing food apart. ()i>posed to this, on the floor of the pharynx, is a 
fli'xible plate nuade up of many .small, sharp teeth, known as the radula 
(Plate IvXX, 1, and fig. ',)2, A, page 981). This radula. or lingual ribbon 
as it is sometimes called, is supported on the muscular tongue and may 
be moved forward and bai'kward. By the combined use of jaw and 
radula, small particles of food are torn from a plant and are then passed 
on to the stomach. Cooke ( IStt.o) states that the teeth of the radula are 
sharp enough to break the skin of the human hand if the slug is permitted 
to use this organ for a sliort time in one |rlac('. 


Milting and ovi position 

It has lieen previouslv notial that AgnoUmax agrf.itix is hermaphroditic, 
l)oth male ami female sexual organs iK-ing found in tlie same individual. 
Whether or not the slugs are capabh' of sidf-fertilization is not definitely 
known. 'Pheobald ( 19().‘)) .says that self-fertilization is rare, and that 
the male and femah' reproductive' organs mature at different times. In 
the winti'r of 1917 18 th(> writer i.solated 'pecimens of nyretdis a few days 
old and kept them in breeding jars in the iiiM'darv. One slug, on reaching 
maturity, di'positi'd a few eggs; but bi'cause of an accident to the heating 
pliiiit at a time when the temix-raiure was far Inflow zero, these egg.s were 
frozi'ii. Since that tiim' it has b(n>n imjwssilrle to obtain eggs fromisolated 
spi'ciniens, and therefore it cannot bi' said wlu'thei' eggs of this typo are 
fertile. 

On the evening of .lulv 7, 1920, (he wrili'r saw tor the fir.st time the 
sexual union of .1 . lUircxltn. Two sjvcimens. one much larger than the 
other, were crawling around and around each other on a patch of slime 
alioiit an inch in diameter. Sometimes they would strike each othei 
with their tentacles. Sixui th<' excitatory organ, or sarcobelum, \\as 
extiuded, and this also was used in a caressing manner, .\ttei this be- 
ha\ ioi' had continued for about thrce-<|Uarters ot an liour. the saicohelum 
ot eaeli slug enlarged verv greallv. the two organs came together and theie 
'wis a great di.seharge of slim.-, ' In regar.l to tlie actual transfer, laylor 
'fi'llf:107) savs, “ I'he s<-mina1 .-l.-ment, mixed with mucus and worked 
into a little ball, is transferr.-.l b.Miily. tlie forerunner ot a true sper- 
"'.ilophor.',” 


i line irguirnil to reach nuituritij 

, ordinary yeans, under field eoiulilions in N'ew 
' ' ' loped from eggs hatching -n May are ready for oxiposi ton m 
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of the saiiK' year. Thi.'< inake!< the time to sexual maturity aljoiit live 
months. In the \V('t .^ea.'^on of 1017 tliis period was shortened to time 
montlis for sonu' individuals. When th(' slut>: overwinters, it tiiay ln' 
more than twelve months before it Ix'gins to (h'posit 

Many sjx'eiiiu'ns of Agn'olinKtx (nin-.tlis that hatch in the spring dn 
not tiv(' thru tin- following winter uiuler \ew York conditions, lu in, 
ea.s«‘ hav(' slugs under olist'rvalion lived thru two winters. 'I'liis woiilil 
inak(' the greatest lengtii of lift' actually obsi'rvcd in Xew \()rk ahoiii 
eighteen to twent\' months. 

In European writings it is stated that .1. lujnstis may livi' for -(‘vcral 
years ( Th<‘(jt)ald, IsO.')); abo, that the slugs are se.xually mature in ,si\ 
weeks, and that there may be several generations in a Near ( Kcli. llll.'ii. 
('o<jk(' re[x>rts that slugs of this sp<‘cies are usually f>ilI-growii hy 

the middle of the -ecotid ye.ar and die dnritig the first pait of tlic tliiril 
y(‘ar. Taylor i 1007 ■ cites oiic iti-iance in which a slug mated .ami d( po^itcil 
eggs in sixty-six da\'. w.ts full-grown in eighl>-t wo il.ays, and lived fn' 
al)out (‘ighteen months. The same writer states that tlu- tinii' frniii 
hatching to m;itiirit\' probably varies Iroin ninety days to ncariN’ cue 
year. 

N \ I rUK. OK Ol TltUK, \KS 


When the outbreaks of Aiji lohniux lu/n .••ti.-' occurred in 1017. it vue 
note<| that ordinarily the bean fiehls were evenly attacked. .\l! the [il.iiit' 
showe(l sonic injury to leaves and vines, but only a few were coiM|)lcl('i\ 
destroyed. The exception to this was in a field where a large tree, with 
its border of 'od. seemed to ad as a center from which tlie slugs iiiigial'il. 
In the grass ne.ir this tree were found many eggs ;ind adults ol .1 m/;i 
showing the place to Is- the local .-eat of infestation. 

Only oiie outbreak of ihjii.-tt- w.-is obser\'cd by the writer iti New Tiik 
in lOlS, and that wa.- in .Monr<M- ('ounly, in a slightly rollitig tichl "kin 
the knolls had ts-en covered with horse manure in the pri ciihiig lii 

I he infestat mns -ci iiio i 


'I'his field h.ad Is'cn in sod for ,-evend year-. 

-tart from the knolls, and whi-n tli*' field was ,-cen by the writer tir 
had Is'cn entirelv lie-t roved .a.s far as the slugs had migrateil la; 
fittge O.SI I. I.eaves .and vines were completely devoured .and the p.t" 
ground «ere .aNo attacked. I he infested area grew larger e.e 
a.s the -lugs moved forwanl along the rows. In this infestatioii 
all sizes Were pres^'til : the larger ones i lO iiiilliniefersl were m 
r.ank.- of the advancing host.s, while far back in tiie dev.astaleil pc 
field w<>re tin- -mall ones of millimeter- 1, which had been left ^ 
the rapiil adv.ance. 'I'his v.arialioii in size is unusual in New 
was probably the result of the except ii>nally good hibernating p 
vided by the mariuri* and .sod of the field, which no doilbt li c 
more or les.s continuou.s development thruout the winter. 


til 
phiMt' 
!l.', 

~ liclll" 

I iiiglii 
■liii;' "1 
r Iniiii 
■ III till' 
himl !■' 
ik .-imi 
■r pn>- 
, IliiWi'il 
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KELATIO.N OF AOlitOLIMAX ACiiESTIS TO MOISTURE 

.[(jn'oliiiiax ufjirsti.s is a inoislurc-loviiio; animal. It i.s found above 
Siiound in larp' nuinlxu's only after rains or on elouily (lay.s when the 
lulutivc' huniidity is liiuli. In IDKi and 1917. wh eh were damp years at 
Perry, the shins of this specie's were iiiui.siially active in the bean fields. 
During I lie iwsi tliree years tlu-re have been noe.xtendve. general outbreaks. 
From an examination of the relation <if tlu' rainfall of the past four vears 
to (he aliundaiiee of the slugs, it would seem that rainy weather in May 
and .lune. when the (‘gg> .-ire hatching .-md tlie young shigs are beg lining 
(heir growth, makes conditions most lavorahje for their development. 
I'.speeially is (his true if two or more such years come in succession. In 
lOlti, and tigtiin in 1917. these months wi'iv rainy. In .June of 1916 the 
rainfall at Rochester. New York, was .YI’i inches, and for the same month 
in 1917 it was (i. lO inches; while in I91.S. 191!). and 1920. it was below the 
uumthly average of d. Id inches. 

It sometimes happens, after a rainy perioil. tltat the ground dries and 
hakes so hard tlmt thi' slugs I'amiot lireak the hard crust and are thus 
forced to fei'd below the surface. On heavy, undrainial soils the damage 
is always greater than on lighti'C ground. Since the growth of the slugs 
!■' dependent on (he amount of foml eaten, and since their feeding is heavier 
in moist surroundings, it is e:isy to sc'c why they niaturi' much more quickly 
in moist than in dry se;isons. ntinng dry periods the slugs are found 
deep m the .soil, in eoiitraeted positions. Tliey work their way far below 
tile .-urfaee of tin' soil in search of moisture. Reh 1 1913) .says that a slug 
siipplicfl with [ilenly of moist ui'c after h.-iving been under dry conditions, 
may lieeduie lliri'e times a.- large as it was Ih'I'oi’c. 

m.I.A'I Ion ok ,\( ; HIc iI.IM ax ,\OHKsTls lo K.MHE.MEs 01- TEMPEH.^TUHE 

1 lie held gi'MV slug e;iii survive cold weather if it is in a protected posi- 
'imi:but a teinperatnre of IP'!'. ]>ia)ve»i (a. al to specimens in flower-pot 
mges in (li(, ins('e(ar\’ at Ithaca wlien timre was no tire in the building for 
'evcr.'d days, h’ew slugs survived the unusually cold winter ot 1917-lS, 
II" nas shown by (he fact that in (he .-pring of ]91S the writer could find 
'"II 11 small numiier in the fields near Perry where there had heen thousands 
I" die f;dl preec'ding. 'J lie slugs that had eseaj ed the eold had done so 
oiawling uiidi-r ihi' sod and the rubbish in feme corners or other pro- 
''■'■led places. \'erv few of the millions of eggs depo.sited under the bean 
ill (lie fall of' 1917 survived. 'I’liese occasional severe winters are 
" lieved to have an important intlueiiee in keeping down the mimheis oi 
pest in New York, .lamiarv of l!)IN w.'is llie eoldesl .lamiary. as we/I 
die coldest month, within (he seojK' of the ollieial weather records 
'>"'1111 nmnthlv temperature for tha; month at Ithaca was <)., degrees 
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(Fahronlu'it) bo ow the normal. The first half of Fobruary was al^) un. 
usually colli. Since that year slugs have been so scarce that injurv to 
beans caii-sed by them has been almost unheard of. 

In the study of the distribution of Agn'oli/nax atjresti.'<. it may l)c noicil 
that it has not been rt'jiortt'd as serious in the .Southern anil Middle Wo- 
teru States. This is perhaps Ix'cause tin- high, dry tcmix^ratures of thcsi 
States during the summer are unfavoralile to its succi-ssful dc\eloi)in(‘nl. 

SKASO.VAI. IllSTOHV 

In western New York there is normally but one generation <>{ Agnolniuix 
(lyrestis in a year, ."'ometimes the eggs dejsisited in fhi' fall hatch in tin 
fi)llowing spring, and the slugs from thes<“ eggs are full-grown by .\ugibt 
and, in their turn, deposit eggs from .Septeinlx-r to Decemln'r. TIiim 
adult slugs usually die liefore the ne.vt spring, .''omidimes, howcvi'r. 
full-grown slugs live thru the winter and deiiosit their eggs in May ami 
.June of the next .s ear, 'riii's** spring eggs hatch at about the same time a- 
tlu' overwintering eggs. 

I’HKOATOUV AM) P.XKA.SITIC KXK.MIKS 

In Kngland. acording to 'riieobald ( I9().')i. slugs are preyed ii|)i)ii li> 
the thrush, the starling, the [ligeon, the blackbird, the duck, and poiiltiv. 
3.S well a.s by the toad, the shrew, the mole, and the centipede. Ifitzcina 
Bo.s ( 1890j states that in I'ratice. Ixadles of the f.amilies ( ‘ar.abidac, Staph\- 
linidae, and Fain()yridae feed on slugs; and Cooke ( IS9.')) reports that tin'ic 
is .a fly which lays its eggs with those of Agrinlntiiix ugirstis, and that tlr' 
slug is parasitized by the l.arvji. d'he s.anie wrili r .••;iys also that ncmatmli ' 
likewi.si' help to reduce the numlxa's of these slugs. Banks ! 19bc ii'pnii' 
that a mit<‘ ( AVi yn//c.i liinurinm Koch) has been found attached to Mian' 
.s|s*cies of slugs. 

In western New York, chickens free to run in the fields havecatcii iimm 
slugs. Fggs of the sjM-eies in a wet iH-tri dish were found to have ncinatoilc' 
feeding in them. The sm.all worms wouhl .apfrarently make a liei' thm 
the outer covering of the egg .and feed on the etidirio within. 

I'O.N I HOI, 

Various control ineiLsiiri's .against Aijnidinuix (lyntitis have Is'cii ! > '1 
recoimncndf'd. In many ca.si's ;ulvaritage has Ixa-n taken of the i 
and the secretion of rniimis causial l).v finidy pulverized and graiinl "i.in 
rials coming in contact with the slug. Lime, both air-slaked .and I 
i.s the most commonlv recommended of the."M> irritants; other ■■ 
suggested are .salt, caustic .sikIii, tolwicco dust. wiksI lAshes. soot, i' ' 
ljflTeIx)re, {Kiwdered coke, sawdu-st, and varioms combinatioim ' “ 
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sliifis arc very (jftcii trappi'd By placing c ibba^f leave-;, straw, culled pota- 
t.H's, turnips, .sackintt. „i- shingles near th-ir favorite haunts in the evenino-. 
In the luorninK they may be e.asily found and destroyed iinder these traps 
wlKue they have crawled to avoid the daylifjht. Poison baits of bran! 
chopjx'd fjn'eii leaves. drii)pintjcs. and potatoes, mixed with arsenate of 
lead, white' arsenic, arseiute ol zinc, arsenate of calcium, or paris green, 
as the poison, aiv said to help in slug control. Fertilizers such as lami 
|)lasler, nitrate <)f soda. |)otassium sulfate, and iron sulfate have been reeom- 
iiiendi'd, especially in Furopeaii count rii's. 

For killing .1. (u/nstis by contact or for controlling thi' slug by a repel- 
lent, it has bi'en advisi'd that jilants be sprayed with blue vitriol solution, 
with Bordeaux mixturi'. with pyrethnnn. or even with hot water; and as a 
poison, a spray of arsenati' of lead or calcium arsi'nate is suggested. 

It is thus evidc'iit that many methods of control have Ireen advised, 
some of wdiich may work well in .-t small gardi'ii. In a bean field of ten acres 
or more, with an even inlestalion ihruoui. the ]:)roblem is one of greater 
coin|)l(‘xity. 

h.i'IH nun iitnl iraiii' 

AMk'ii tliis study was ix'gun, in the summi'r of 1917. the easiest method of 
control appeared to be the ;tpplii'alion of a imison spray to the plants. 
F-xpi'i'iinents along this line wer<‘ started on July 17. Several rows were 

'lAiii.t: 7. ('oMHoi. KxPMUMKNT'' .\<.\IVsT GRIOLIMAX AORE-^iTrS 


MiitcrifU appliptl 


\ 'Ty firH' tohjifTo (iu>t 
^ oar.sp t()l>a('p(> dust 
liuiidcr'.s linn* 

I^rv pt)\v(it‘rpd l>or<l<*}mv idu*'t ' 
l "i);u po dust, sulfur, iirsciuit*' of ic;id *1 •'> I 
Nilfur I finely jrnmndi 

* "ppiT sulfiit(‘ M()-pt*r~perit s'.ilutnui 
f "fipcr sulfiito f.')-per-<'riit solution 

* ''ftper sulfate f ’J-j>er-eeiit solution' 

■Nilfopule (.» cr, (o ."yX) water' 

ditic-sulfur ( 1 solution i 
*'!;t‘'k-lpaf-4() {I cc. to .‘itK) rr. of walcf 
I'C'ssia .snliition thop-.apliis formula' 

I mir (iiir-alakrii) 
e 'stiiiiK sod, I (ilust) 

of lime (du.st) 

' I'liing sodft (1 pound in it fcnllons of water- 
' "r>d(“ of litnc (1 pound in if uallons i>f water’ 


Effect on slugs 


Head in l.'i minutes 
N'et k'lled 

Head in ~i to l.'i minutes 
Dead 111 .i to (iO minutes 
Dead 111 !■) minutes 
Xol killed 
Dead in 1 .) iiimuU's 
Dead in -ID lumutos 
Xot killed 
Xot killed 

Xot killed, irntatioii caused 
Dead m - hours 
N’ot killed 

Dead m d to 20 miiuites 
Dead in !0 minutes 
Dead in l-'i inmutes 
Xot killed 
Dead Ml 2 hours 
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sprayoil witli a mixtun' of pouiKts of powdi'ii'd arsc'iiato of h'ad to .'jd 
gallons of \vat(M-. No ditfc'ionco could Ix' noticed Ix'tweon the sprayed and 
the check plots when they were examined some time later. Slugs wciv 
[)laced also on .spniyt'd plants in cages. Feeding was notice<l on tla- Icavcv 
l)Ut the animals wfue not killetl. In the gn'i'idiouse. in Deceiiihc r oi 
1917, a slug di'vouiaal two heavdy sprayed iihuits and'li\-ed for inaii\ 
<lays. From tlaxse data it .seems I'vident that ordinary dos('s of arsenate ej 
lead do not kill A(jnt>ltiniU' nijn.Ais. 

Till' (‘xperiments summarized in table 7 were carriial on in the iiisiM taiv 
at Ithaca during tln> winters of 1917 and I9IS. 'I’he slugs wen- spia\ed 
with the lifpiid or were dusted lightly with the' powder, after whieli they 
were retuiiied to natural eonditions. on moi.st earth in an oixai jar. 

It ina%’ lie .seen from table 7 that under uiseetary conditions manv dll'-!' 
[irnved efTeeti\ e. ( opper-sulfate solution also showed strong killing power 
It was noti( ed at this tune t hat a 10-), er- cent Clipper sulfate solution, -pra\ ed 
on a piece of paper and allowed to dry, wa- \er,\' irritiding .and snnietiiiir' 
fatal to a slug that crawled aeioss the paper. I.inie. ebloride of hnie. and 
washing sinla were more etfective in the form of dust th.an in tlie ln|iiid 
form, .\pproximately ten slugs wen- used in each tc't. 

The experiments summarized m table S were likewise eondueled in liie 
iiiscftary during the winters of 1917 and 19iS Fie.aii idaiits growing in 
a bench, and also the ground elo'e to them, were treated with the v.iiinU' 
lifpiids and dust-, and a eylinder oixai at the top w:e- placed o\ei them 

I*. '' f'oMKOI. K\l'^ BIMf N 


MfiltTiiiI '1 


Ihff* • t t'li shij?' 


Hydrat^'fl lifn*- r 1 fxtiirul f‘» K'dinii- 
li/fM' ' I jX)U/id in J jrallnn.j <>f v%;it#r 
Hordfau': ' \ I -V) 

Arv of Irad ' J p<»und*' in .V> Hai*T 

ArMUnif- of Uml, rdx>v<', fiw#'*'f*ii»‘d vMth 

^’alMUrn arvnatf M -V)' an<i Miilfrwid*- 

^'alfiurn '1 .V) xwwffrnd 

Sfxiiurn arn^ nat#* MO ifTarnx in 1 iraiJon of water. 

-prayed witfj water 
Kan*tax ifrawthopfx r half 
Salt and lirrt#* ' I lO 
Iron aulfate M^>’jxT-e»nf Holijtinn. 

Ar«»#*nato of lejul and litno M 
Heflehore ar^d lirne ' I JA . 


I lolleil, I kepi frnin plmc Inr ■ he «e k 
Kilii-d in tr\iriK to reach plant 
^’hnx/' «inMprri\cf| in pf h r- i ' ' 
Mpra) fd lc:i\ cH 
Alnc fiffer catinj; two plan*' 

injnretl plant 

Stuic tiot killiai, little fcMlwiU 
injured plant 
>lut( ahvr . plant killed 
SluiC aliv** 

'i iif t *'ltlKH fthvo 1 wei-k I it' ' 

Slu(c kilh'd in '2 1 h' 

I'laiit kill'd 

>lu(C kept fp in plant fur I 
SIiiK killed in 2 hniiri 
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diu' <.r iiioro sluRS were llion placed in the cvlindor af .-omp distance from 
the treated plant. 

In the experiments summarized in table N, fin. repellent effect of bordeaux 
mixture IS shown. liellebore and liinm as well as salt and lime, showed 
Mime killmK power undm- niseetarv conditions. Caleimn arsenate and 
lead arsenate when sweetened with molasses w(>r(‘ fatal to the bean plants 
ami the inetTi'etiveiu'.ss of arsenate of leml as a stomach poison of A. 
niirrxtix is shown. 

In the snnnnei of 191s, eontaei siihsianee.*'. m powdei' foi’in. were tried 
against A. tiiirt.slis near the field lahor.atory at Perry. The material was 
(lusted lipjhtly on the sluir with a Xiaeara duster and the animal was then 
returned to natural eoiidilions. Five shijrs were used in each test. The 
vi'sults of some of tliese experiment' are eiveii in table 0: 

l.\BI.f. f* }'..X CK KI MK \ I ' \\ 11 H I’ou IlKUl.ll'ClINT O T .S i'll'TAVl. Z' .RIOT.IM 

\i.RI-;'Tl' 


.Material apjilital 


Kffect oil slugs 


.Supcrpl'dspliatc 
Roi'k plui.sphatc 
trill pliiisphate 
Basic ])liiis.plialc 
I.and plaster 
J ini' grouiiii bone 
Sulfot 1* of pota.sb 
Xitrato of siwl.a 
Drioii blood . 

(irouiid limestone 

I'alciiiiii eyiniaiiiid 

Kainit 

Salt 

Sulfur 

l ine tobaeeo dust 
' hloride of lime , 
tir-slaked lime . 
tt ater-sfakod lime 
^alt and lime (1 Kli. 
hellebore and lime (1 ID,. 
Ii'posiilfite of soda. 


IMlied slowl>- if p'vtensively used 

Killed slowly if extensively used 

Killed slowlv if extensively used 

Xot killed 

Nut killed 

Nut killed 

Killed quiekly 

Killoii quieklv 

Nut killed 

Not killed 

Killed rather slowh 

Killed quiekly 

Killed quiekly 

Not killed 

Killed slowly if evteii.'ively Used 

Killtal very quickly 

Killed quiekly 

Killed quiekly 

K'llled X ery quu'kly 

Killed Yfry quieklv 

Killed slowly 


I'lb' nitrate of sotla ttinl the kainit prove, 1 injurious to tlm phmts when 
’' Acil ill the field. Of the dusts that were not ininrinus to tlm plants, as 
"‘orded in tabh' 9. (he .s;dt-:tnd-lime and the hellebore-aiiddnuc coinla- 
"■‘•lO'is, and the chloride of litne alone, aeted the most rapidly, altho some 
ol tile other in.atcrials al.so showed killing power. 
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•>1*4 

Licjuitl-contaot inatfM-ials also wero («‘st*'(l in IDIS, us sliowii in lahii |() 
While the slug was crawling on the ground it was sju-ayed with th(' li(|ui(l 
from an atomizer, and was then left under natural conditions. 

TABLK in, I.njciD-Cd.sTo 1 Spr.w^ Tuiko .Vi.ruu.inm.x 


ri.il applinl 


MtTfrt mi shi^s 


Blaok-lea/-4') i 1 UK) . s.i.-ip • I .'>0 
I.imewater ' ' 2 .p,r-(t*rit solution 
Chloride of hrne ! '--[X'r-<'eiit .-iolution 
Kernsone emuhion i 11 ) per eent 
Kre.sco ,<heep dip i 10 [xt ei iit 
Carbolic einul.eion '1 Ltl . 

Copper .sulfatt' toliition i.'i (x-r I'eiit 


Killed slow |\ hut sun l\ 
Killed 

Killed (lUlekK 
.\oI kllle.l 
Killed 
Killed 

Killeil slow 1\ 


nut 


In the exfX'rimerits .--uiiiniarized in tahle 10. ten large slujrs wnie U'eil 
to test e:ich maferitil. The Bl.aek-le:if-lO was l.atal e\ciy time, liiit it 
often reciuireil .several hours to kill the -lug. I'lie liinewater. the chloi'iile 
of lirne, ;ind the carlxilic emulsion proved fatal in thirt\' miimtt>s, llie 
cop[H'r sulfate .seemed to work much more 'lowly than in llu' lonuef ii't', 

In lOlS, during an oiitlire.ak at ('hailoili'. New ^ol•k. a poiMUi ti.iit 
eompo.sed of one (pi.'irt of eh«ip|)ed elo\'er. one t ea,'|)oonl ill ol al'eliate 111 
lead, ami one t.d'li .'(looriful of niolas'es. was tested. I'lie 'lugs 'luiweil iiu 
preferenee for this li.ait, atid .-eVei.d 'pecimeiis that wer<' jil.'iced wheie 
the halt wa.s the onlv fmxl availahle, and thus loKed to cal it. 
killed. 

In .Iiilv, 1020, the writer wa~ ahic to find a 'iiflieieiit ninnher ol 'luu' t' 
enable him to coiiduef a .small scjic' of laboratory’ tests. I lie H 'IiIi " 
these are given in fable 11. 

In the expermieiifs of lt)2t). leemilcd m table 11. hoili liill-gi"an ni' 
immature slug' were U'^'d. If wa.' noted that the larger individual' "ini 
revivefl from dos<->- that proved fatal to the smaller s[)eeimen' * oiimi 
matr-rials in du.'t form .'eemed to give min h Ixdler re'iilts at tins Inir i ' ii 
did the same material a[)[)lied as .a Iniuid. In previous expel linen'' [ 
hav'*- srimetiines seemed to givi as f,a’»oralile results as the di|st' I 'T 
api>areritly .some varying fardor that enters to either help or lin; 
killing [K)wer of sfuuc of flics- materials. It is pos.'il)le that ijr 
humifiity ru.ay have some influence Hlaek-leaf-M), which liad ' 
killing iM)wer in the previous ex|KTiii.enf,s, s<'emed to act vei’v 
at the increa.spsl strength that was us/-cl. ( 'arholie iu'id cimil 
satisfartfiry results, and when ap|>lied to Ix-an fojiagi* it caU'ed 
utulcr the {ircvailing ecuidition-s. The Ix’st results at this time 


'I 
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I Cl tin I 
, r\i‘l' 
irivi' 
injUI’V 

, iroiu 
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the contact dusts, hut wlicn liiuc was applied to slugs in the field it was 
necessary to use several doses before killing resulted. The slug would give 
off the usual slime, whiidi would mix with the lime to form a coat from which 
the animal soon freed itself. Heavy doses often killed when light applica- 
tions did not . 

'I'.Mil.K 11. ('o.N’TROt. 'rKsii., 1 ) \(.\i\vr .V(.uior,i\i\,\; vt.iii-j.sTis i.\ l!)L*n 


-Material ari<l >lrcti)nli 


f.iqiiid.'i : 

Rlack-lraf-tl) 1 1 ijlD, snap 'I ’.UU' 

niack-lcaf-tO (1 kIiw il pnuiiU In .Ml 

Kalloii.s) 

(Hue ( 4 pnumls In .Ml nallnii.< >if waD r' 
Hlack-U'af- to (l-i;.)Oi, lirm* il pnund in ;( 
' gallniisi ( light dnse , . 

Same (heavy dosei 

Hydriited lime <1 pound tn •'! gallons of 
wateri dight dosei . 

.\ir-slaked lime ( 1 pound to .1 gallons of 
M'ater) (heavy do.si". 

Same (light dose' 

l.ime fl pnund tn d gallniis nf wal'r , '.alt 
' 1 li num'c.s In a gailnn.si 
I.inie IS nuina'S tn It gallnn.s nf waicr 
chhirinated lime ( l.li nutiec' to .i g.dlnU' 
l.uiit (S omn’c.s m :t gallnins nf water , rausuc 
SiHia (l.li nuiires In gallons' 

f Idnrinafed lime ' s nunee.s In .'t gallons nf 
water I 

t aihnlic emul.sinii uiiluted I -'fO' 

l'\e (2 pounds to ,'(1 gallons of water' 
ffe.siii eaustic .sula w.tsh ids it g ri'sin. 
d g. eaii.'ti,. s.Hla. (il.'i ee. waliT' 

Ull'l'- 

Hellebore ami lime 1 1 -d.'i) 

1 hinrinated lime and lime 1 1 J-'ii 
I i v.lrated lime , . 

Niagara Sprayer t’oinpaiu s ''All-in-thn' " 
" ater-slakeii lime 
Salt and lime (1 1 ( 1 ) 

'au-slie Hoda and lime (I L’Oi 
^ulfate of pnligsh 
* alciuni evaimmici 


-Xumlier 

of Kffert on slugs after 18 to 24 hours 
slugs 



Sm.all .'lugs killed if sprayed heavilv; 

in 

1 large cuies revived 

Small "lugs killed, a few large ones 
rcvivoil 

10 

Xot killed 

Iti 

• .Sick, l>ui all except one revived 

10 

! Aii killed 

10 

10 

.\11 alive next day 

Two large slugs alive: remainder 
dead 

ID 

Five l.irge slugs alive 

10 

Five large slugs alive 

I'l 

10 

due targi' slug alive 

lour large slugs alive; pl.ants 
hiirned 

10 

Ft\ V slug> ali\ V 

10 

Killed ipm-klv 

10 

Killed uuu klv, plant' killed 

10 

I'lMir >m;Ul killod 

10 

.Ml dead 

10 

.Ml dead 

10 

All lU'Bil 

to 

Ml lie.ui 

to 

.Ml dead 

to 

All dt ad 

tc 

All dead 

rt 

Ml dea.i. plaiil' burned 

ns 

Ml ilead plan!.' burned 
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Three field ea^es. coiitaiiiinK heaii i)Iaiits sprayed, respect iv(“I.\-, uii|, 
powtlered arsenate of lead (2 pouinls to dO trillions of wati'r), <'al(iuiii 
arsenate (1 pound of thi' powder to dO irallons of water), and water .•iIihh 
to serve as a ch('ck, wi-re set up in tlii> lahoratoia' field in ,Iuly. IDjii 
Twi'iity slugs wi'i'i' placed in each cage. 'I'lu' jilants sprayed with ai^ciiic, 
of lead were freely eaten, as had licen the case in ])rc\ious e.KpiaiiiK nt, 
Init those sprayi'd with c.alciiini arsenate showed littli' e\idence ef uii 
feeding after the first two days. Si'veral ileml slugs were found in iln 
calcium-arsenate cagia while none w<‘re found in the aisenate-of-lcad 
Th(‘ check plants, sfirayt'd with water only, were almost entirels- (i(--tnr\iii 
'The scarcity of slugs in the liehl Innl made it impos.-ihle to test t he calciiHir 
av-^enate 'pray on a larger scale 

A cage was placed in the field co\'ering eight heaii plants on .ful\ 7. I'k’ir 
Four of these plants were sprayed with liordeaiiY mixture and four i. 
left unsprayed. rwenty slugs were then placed in the ctige. \m k 
later the uii'iiraNed plants were l>adl>' eaten, while the spra\ed 
wc'rt' :dmost tintouched. (tnly wheie a leaf h,ad heen missetl 1>\ ilic spi i\ 
was it injured. 

Sini'c the aho\e work was cariied on, the excellent |>,ii)er of Lo\cii :ii,i 
Itlack il!)2<ti h,i.' come from the pre — . .Vs a result of many caieliil ix- 
{leritnents. thes,. writers conclude th.al. for • tregon coiiditioiis, a 'pi.i\ 
iHirdeaux tnixtitre ' 1 1 ."lUi as a re|)elleni. 'Upplcmented li\' a poisen li,ii: 

of c.alciutn af'enate diie part hv weiglit to sixteen parts of clioppcil ii '- 
tUc<M, i' the most cfTeetlVe meatls of 'lug <i)ntrol. When lettuce I' Ii'i' 
a\';iilalile, c.ahl/.lge, kale, clover, or othi’C surclllelit lea\es may he leeil 
rtie writers sa\' that this t>ait should 1 m' 'e,iitered m small heaps at in- 
r|Uent interxah oxer the infested area. 'I’lie imporl-itice of cleaninu nr 
cro[) reniiiatifs and (k'hris ahout fields and gardens is also em|ilM'Uoi 
In an experiment testing the elficieucy of this comliinai on of ie|iell''ii 
;itid poi'on hait , I,o\ et t atid I »lack foun<l dd out <if do slugs (lead at t Ir > id 
of t went \-four hours. 'The hordeaux had ki'pt the slugs from tin- plin'' 
and the\’ were kilhai hy feeiling on the poison lent. 

previously slated, the ,'e\'eril\' of the witiler of i!>l7 I'H afipm iiii' 
killed niatiN' htiwitiat mg slug-; and inanv slug egg', hew slugs li:!-' hoi 
foiitid in New York U-.'in field' .since th.at time, and the wnlei he 


found cotiditions favor.-ihle f<»r control I'xperitnetits in the field. In Ih- 
th«‘re were more slugs in Ix-an fiehls thati iti the two prece(litig .m ' 
very little injurx' resulted. 'The control work has thr-refore lieeii iiiii"( 
to field-Ialxiratorv ;in(i greenhou.se exiH-ritnetits cairieil oti wi ii'XO 
slugs were tivailahle. He.sults of hd'oratory e\|K'rimcnts have :i ""n 
lieen eontra<lietoty, atnl, since lahot.'itoiw cotitrol tueasures olii ' 
entirely inadequ.-ite in fiehl practice, it is impossilile .-il this Inn 
more than suggest fKis.silile control mejisures for field use iitn! 
conditions ;is those of western New \'ork. 
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'I'lic repellent (luality of honleiiux mixture appears to he definitely 
cst ulilislu'tl. Plants siirayed with hordeaux have escaped all injury when 
uiisiirayt'd plants wm’e entirely devoured. It has been demonstrated 
by Lovett and Hlai’k 11920) that ealeiuiu arsenate' also has great killing 
powi'i' when usi'd in a poison bait, and the writer found dead slugs in a 
cage in which thi' Ix'ans had been sju'ayed with this material. It is there- 
foi e reasonabh' to stipjiose that a ^pray of calcium arsc-nate may be ('ffective 
under fii'ld conditions. 

Dusts of lime, salt and lime 'I hellebore ami lime (1-25), and 

chloride' of linu' ami linu' < 1 251, show soiui- promise of success, and on 
a small scah' should work e-'peciallv well. 

.V vi'fv hi'lpful praeiii-e. both m field ami garden work, is to remove all 
rubbish and croj) remnants fiom the ground. Old bi'aii and potato vine’s, 
cabbage' stum])s. e'arre/ts. turiiip' in fae-t. ele'e-aymg ve'getation of any 
kinel whie-h mav furnish e-itlmr ibeid or 'he'lte'r feir the' slugs — should be 
cle'are'el away. Straw, beiarels. reieets of (juae-k grass. ])iles of l('a^TS. and 
manure', ha\'e' been found tei harbeu- man.\’ eil the' pe’sts. .Vfter a .slug 
infe'stat iein. e-reip re'intiatil' ^heiiihl he plow('el uiiele'i' eir re'meived from the 
lie'lel as soon as the' e'l'op ha" been harve'sieel. It is advisable also to 
I'leaii up the' e'elge's of gat'ele'ti' atiel fi'tie'e' e'orne'fs in the fall if slug.s 
have' hi'en abundant eliirmg the' 'Umme'i'. te>r the' gre'atest injury to the 
plants is that e'ause'(l by shtgs hate'he'd freim the' e’ggs deposited by over- 
uuiieriiig slugs that hav<' liibernate'd in tlie'^e' plae'es. After the grass 
ami the' wee'ds li.ave' been e-ut atal the ruhbi'h has be'e'ii re'moveel. the appli- 
I'atiem of a he'a\'\' e'oatimg e)f lime' eir "alt lee the' greiund helps to destroy 
the' animals. 

Be'ans grown in fii'lds that were' in seal the' pri'e'eeling year are often 
nife'Sled. ( 'ove'fe'd b\' the' I'eeeits e>l the' gl'a". the' slugs anel tllCU eggS 
have' hcen we'll preite'e-teel during the' wi'ile'f, ami whe'ii spring comes they 
fiml an abunelaut feeeiei supply in the' iie-wly jilante'il be'ans. If inannie is 
•■iilele'el in the' fall te) "od lanel III whie-'i slu.gs are' presi'ut. it make's hiheinat- 
mg e'omlil iems evi'ii more' leh'al. 


Be'an plants slmiihl he tlmreeh "pra\e'd with hordeaux mixtiiu' i4 4 5(L 
"■ ke'cp the slugs frotit them ' 'Lhe' plants simulel be' spraye'd from be.th 
■'I'eeve' aiiel be-low, lU'e'fe'r.ably with a [.eetato sprayer 

''t row. I'nli'.ss till' infestation is si'vi'i'e'. this spray shou e >e' se • 

se'veri' attai'ks. howi'Vi'f. the' bonle'aiix mixture may . .'..o-t etf 
l>ait of clionixMl li'ttiu** or (‘lovoi. H» >> ^ 

'I<'iuin-arsoiiat(' powder, the mi\lun' to he seatteiei I 

' l>ait should attract and kill >lu”s driven Irom the plan > ...iHma 
i ■••ux. As an exp.-rimettf . the- l..‘.•m foliage mav he' sprave-d with ealeium 

■ . ... I> t' 4..,- 


ise'iiate', 1 pounel to oil gallons oi wale 


r 111 a sill: 


aanlen the slugs 
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iiiay Ih' I'olh'c'tt'd at night. l)y tin* light (»l‘a lantern; cahhage halves, sliinulo, 
or straw may !)0 used as traps, from whicli tlie slugs may Ix' celhM ted 
in the morning and de.stroyed. All crop remnants and rubbish should 
1)0 carefully removcil from infested areas in the fall and destroyed, anil 
salt or lime should be siaittiMaal around the edges of the infestial fields nr 
gardens. .Manun' shouhl not Ix' placed on infi'steil fields or ganleiiv m 
the fall. 

HOW TO I)ISTI.\(iI ISM TliK \ \K 10 l S sl'KCIKS OK Sl.fOs KOI Nl) IV HK\\ 

KIKI.DS 

There ari' threi' slugs that the writer has fre(|uently found assoriatnl 
wjth Aijrinlnniij: 'I'hey .are AijniAi ma.r ciunpt sins lhiine\, a 

native' S[)('eies, and Lnnns inoxnnus I., and Aimn ci re it insert pins .lolmson.' 
imported sjx'cies. 'I'be following key ma\' help in distinguishing the four 
sfx'cies. 

.A. Body blunt or rouieiod at posterior eml. respiratory npeiiing in anterior half of miiiitif 
tiack not keeled in m.itiire forms. eo|or arai'. with a Mark lateral band the eiitirf 
len«th of txaly. leniith .'tO nun Arimi niMe'i'i'o/>(ie 

H. Body pointed at p isterior <'nd respir.iiorv o|>< ning in posterior half of inatitle, ha L 
»nih at lea.st a small keid at posterior end eolor ) .ined. but w it hunt t In' simrle l.'iier.il 
stripe. 

a. Slugl.arge ■ IIIO -’tIOn un . spoiteil or » nil loin'll lid in il I lands of blai k l.iiini r in i ee, 
b .Slug stn.aller 'Jo .‘lO mm : eolor uniform or niolih tl 

a.t. (iroiind color Usuall.v whili-h or oeherons. mollled or s|a i kled with hruwiinr 
bln k: mantle pore with iinpigmenied border, i iilaTele.s Ihitteiiecl 'liiiit 
milk> . length when full-grown. .VI mni .li/i le/ieei/ iii,''i''e 

bb f. o'er uniformly amla-r or bl.n k . ni.iinie |H.re of .same i olor as rein. nmlir nl 
mantle, tubei. I. ■ ooi tlatlemd. «hme water\ . length when f iill-trn" ii. 
J.") mm. Ai/ii'ilimiij ou/on'i 


Aipiiiliniii.r intiijn stm Bunn \- 

.\riiinai lirnaeiform, with large, not Malti-iied. lula-.'eles Color uniform gr.ui'h or .iiiilii'f 
oft#-ii black Boily s unew liaf eompreas at .and keeled toward the caudal end. I.iitelis 
liark-eolored .s'hiehl more than one-l'urd tot vl h-ngtli of animal, r.ninded in tron* aie 
tx'hind. Itespirafory orifice not liiffermg III. irkedli ui color from remainder of m.in'l' ''m 
dark and longiliidiiialK tripartite. .AJucus ch-ar ind water\ rents spiral l.iiiu'li i"""' 
J.i iiirn. 


Atjriol ! mnx runt pi sins, .i tnilive species. |s ehisely re|;ited In .1 
ft differs frnm in/nsh.-^ in ia-ing sin.-tller. d.irker, tmd nl ;i timn 
enlnrilig. While iiipi.-^lis s/.eiiis In enileel m liitge tilMilbels ninl I 
Oil eultiv.'ited erops, riiinpistns js inure llielllied tn be snlll.'il' 
fmjuerit wimmIs imd me.-idnws. In ,\pnl. full-giuwii nun pi ^h'l 
found under stones ur in .'o<l. and the eggs have Ih'cii found ni ' 
time. I'iighteen of these eggs, Itikcn on ,\pril 22 . halelied beiw 
21 anil .lune l._ 'Ihe young <if riinipislii.< are dtirker ihtin iln' 
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aijnstis. soiiu' Ix'iiift aliiios) black. It i,-; not uncoiiuiioii to find campe.'itna 
fciMhiiK on bcfUis, Imt flioy never occur in numbers large enough to 
seriously d;uMng(‘ tlu' croj). 


I he sixittfd (/iinli n ■'^lua. Ijirtax UKiximtix L. 

Liuuix HKIXIINUS (Flat(‘ LXX, li). i- dcscrilKal by Taylor (1907:35) as 

follows: 

.ViiiiiKtl xvitli .1 loiiK iiiul slciulcr tjoUy. upcriii;; toward-, the tail. and varying in length from 
1(111 to lo'l tiitll.. lint occasiiitcilly rctiching to even 2D() nail . usually of a yellowish-grey or 
citiereous ground ( olour, \ ariou-K’ handed or niaenlated with black, but sometimes unicolorous : 
liodv rounded, but keeled towards the eauilal end. with about forty-eight longitudinal 
rows of elongate, (hdaehed tiiberele--, neek pale, with two conspicuous dcrsal furrows enclos- 
ing a .single row of elongate tubercles and terniinating in front as the facial grooves; sole 
iitiiforrnlv pale, foot-fringe p de with a row of rniiuite suhiii.argina! blackish tubercles: tentacles 
lery loiig and sleinler, shield oblong, about oiie-third the fot.il length of the animal, rounded 
m front, angular la'liind, .and fortiiing an tingle of about Ml deg. when in motion, usually of 
:i -iiuilar tint to the li sly, litit boldly tiiarbled or iiiaculatc with black, somewhat eoneen- 
tn'.ill> and interruptedli ndgetl around a snh-p isterior nucleus, AIucus colourless and 
ndeseeiit, not very tidliesixe 

Jjininx iiiiixi mu.-: i> ;i hiiirc .'Itiii. "1 tbc biiiiily Liiiiaciiltic. which Ic.is been 
ini|)iii't('il inli) thi.< ctiuntry. It is found in tin' Briti>h Isles, and thruout 
rontinental Funipc. Soutli .\fiic;i. ;ind .\u.sti:ilia. It has ht'cn in .\inprica 
iof iiitiny yetii's ;ind ni;iy lie found locttlly in manv pacts of New York State, 
where It freciueiits uria'iihoux'.'. hedgerows, woods. ami damp, shady places. 
B occurs ttlso in tind tiround house's oee;i>ionally. when it htis been carried 
in on vi'p'ltdiles that arc siorcil in (In' celkir. 'raylor (1907) states that 
the .shif>; is idinost oiimivorous, having; liccn known to ri'lish beans, tobacco. 
Hiiucr.s of tiiaiiy kinds, etitdillower. fungi, eiistards. milk, bread, raw and 
ritoked metit. fruit, ;uid su}r;ir. 

niiiximu.s litts a keen seii.se of smeli. It lias liei'ii known to crawl, 
in I lie (Lark, str:iig;lil to ;t pl.alc of meat that w;i> six ti'i't away. The 
petition of the jilale wa.s then eh.aii.itcti Ihret' limes, timl each time the 
''Iny; altei'i'd its eoiii'sc aceordintrlv ll i.s .s:ii 1 tliat /.. niaxunu-'^ often re- 
Imiii.s to the s.inie s|)(il niylil after night, alter it> wtmderinfis in the dark. 
Ill*' progre.ss of the niulil's journey shown by the slimt' trail which 
*' It'll wherc\-cr the tuiimal goct'- 


Anon cirni ni.-'Cn plus .lohiison 

I he lollowiiifr (h'seripl ton of Anon rii'rnni.^cn plu'< (Pktte l.XIX. 12) is 
'■'Iwii from Taylor ( 1 907 : ‘J'iS ) : 

jminitl of (hi- Arion shiiiie, but stouter es|’H‘i’t.'ill\ wh.'ii coiitmi'led .iboul hirt.i 

!' "'"t-dh when adult and fully evtended . of a pale ereaniy-grey eidour darker grey dorsally, 

' diading to whiti.sh towarils the fringe, a blaek and .sliarply-deliiied latera. Inmd exUnds 
, "Imlc length of the body on eaeh side. Ix-neath whieli i> - uiietimes :in indisttmt oranj^e 
' "I formed by pigment eells breaking through the .skin, there i- a slight 

.'■‘''•'ig, whieh, however, gradui.llv disappears during growth, hut its pl.ui u ,l .. 
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inv;iri;ihly imlio.ited by line of pile mul-tlors il tiilxTrlcs, which contribute to form :i p^r 
of dorsal or inner bands; shield fcranulose and bluntly rounded at both ends, iKarmt; a 'Is- 
eonnected continuation of the lonf^itudinal IxhIv bandinif: body tulH-rcles rather Imn; ainl 
slender: sole opaque, waw white, and indistinctly tripirtite, the median portion slmlitK 
darker and more transpirent than the side are is. and occupyiiiK more than otie-third of Ih,' 
width of the liody. fiiot-frinxe broad anil white or pile-icrei in colour, usually without pi>r- 
ceptlhle liiieolations, but sinietiiii 's the lineoles are cle irly piicmelited, espccialli ,u tin- 
caudal end of the bo<i\ 

Anotlii'f sltio i)fi';i>iiiiially fiuiiul witli A<iniilimiix minslis iti Now Viuk 
is Anon n'l-rnin.-n-ri ittos .loluisoii, ;i spiuii's iiiipnitcil into this rniiniia 
from hinropt' ;ini| iritorlial hv I’aylor : IttOT ' from Niatfnra hall.' ami Imiu 
till* District of ( 'oliimliia. Tin- writer lias loiimi it \cr\' common at Ithua, 
at I’crry, ami at Watcrvillc. in New 'N'ork. 'I’liis sIiik apptircntly pn li i- 
to li\(> in .soil laml, in ilcc.tyinir tree trunks, or iiinlcr lallcn Ic.ivc' Ir 
ma\' lie foiiml in ora"\' orchanls. Iccilint!: on lirniscil ami ilccaynitr Iniii 
It is selilom, if c\cr, injniioii.' to urouiny plants, '1 he s[)ccic.s hclunestn 
till' famil\' .\rioniilac. (t ma\' he c.isilv ~cp;ir.atci| iroin the other slujis 
fouml with Aiinolnmi.r miri ^hs li\' the posiiinn ot its respirators iioH'. 
which is in the anteiior half of the iii.aiitle while in the other forms it i' in 
the posterior half. .V lomiitmliii.al tilaek liaiiil runs ihe lull lenirthot ili 
.uiiiiiar.s hoily, 

nil, !^\l,l■-.sTltI^l:l) i'i,i;\ hkki'I.k 


' Si/'f' no loi nmlii .si iv - 

The pale-'t ri |M‘< 1 tlea heelle. Sn^tnoi fo* roofo ot tile taiiuly i hr\ 
il;i" . i' foiiml in the is-aii lieh!' ill .\ew ’l ork Slate every year, ill 
'iiiall niimlH-rs. "l liis 'inall. active iii'eet is hrownish \ellow in eoli 
a hroail yellow stri[ii' runninu him'hwi-e .iloim each wmu eo\er 

LXI.X. lib rhere .are several color \'ariet les I )| I lie insect , hut thee 

one in New Volk m htomlo. Ill whnh there is htlle contrast hetu 
'fri[M' ;iml the lem.aimler of the v.in;r cover I he ly|iieal ilark form i 
oee.*t.sionallv. In earl,\’ writimcs these va lelles were often trealeil 
.ar.ate s[H'eies, When .S, lorni'ilii is numeioU' m ilrv slimmer.-, the 
mav eail'e eoii'iilerahle injurv to ImuiH' hy allaekimi the loliai:' 
leave in their w.ike manv -h.-illow feeuinji plaei - on the smiao 
|ea\'es. ,ami 'Onie of ihe-e spul.s I at er < le ve|o|) llllo UTe(rular hole' 
plant is unahle to -U(i()l\ sudieient -oil water tor the ineie.isi i 
pir.aiion result itiic from the injury, the liuives will turn a 'lekh ,\ele 
a ve.ar when the iiortnal -up|ilv o| -oil moi'tiiie is .avail.ihh . 
-ii't.ain iiim h ilaniai'e from tlm feeihnir of the in.'eel without .ir 
injlliv re-ultlim to the ilevelopment of the |ll,int 

ttn idotn is a well-known iiisei t in iiearlv all part- ol llie 1 ni'' 
ami III many places jx eon.sjilereil ,a .serioiis [m-sI. It f'/i- m.l'i' 
U-el.s in ,\IiehiKan, in \ew ^’ork. ami in ( 'olorailo, corn in llhn'> 
ifi Kentucky,' cotton in ( horKia, KiefTer pe.ar grafts in M.u' 
s< e(iliiii{ apple tree.s in .\ew ^ ork. tltiier host, plants of tlu ' 
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calibaKf', potato, jioa. tomato, iiiimpkin, iiiflon, squash, eucuinhor, turnip, 
laiiish, carrot, OKftP^ant, strawhcrrv, lilacklicrrv, lettuce, sweet potato, 
MUiiincr savory, pc'anut, simttower, oak, timotliy. and oats. It 'S reported 
hy Chittenden ( 1000) and other writers as occurrinf>; also on the following 
weeds: ragweed, lainh's-quarters. pigweed. .laine'-town weetl. cocklehur, 
hlack, or garden, nightshadi'. purslane. Heahaiie. sand bur. and other plants. 
The writer has found it on mustard and dai-y. 

Fverv time that .S'. I(i( inntn has been found on beans in Xew York, somi' 
(if its common wi'cd hosts ha\-e been near by. llagweed and lamb's- 
(|uarters aiipear to be its favorite lood plants. 


DEM nil’lio.v or sIAl.K.s 

77n I (j(j 

Yhe egg of Si/.sldi,! ,'m/m/h/ i Plate L.XX. d' is (‘lliptical. slightly more 
mundc'd at one end. is pale yellow n color, and has a roughened surface. 
Fniler the high power of the microscope, the egg covering is seen to be 
ilivided into a definiti' iiattern of depressed hexagonal areas, with irregular 
reticulations in the hexagons. I nder a lens it appears faintly roughened. 
Its li'iigth is from D.b to O.fi.') millimeter. 


riie larva (Plate l,.XIX.si i 


Till luriii 

de-enbed bv Forbes ( 1S94) as follows: 


l,cntmi .-) Man , grcnlcM uaitfi alx.ut .U imim .s|cii,lcr. u-idcniiig Knidwill.v to the llth 
s'(,Mii(.|it, thciirc tapering (iiiilc rapidfv. (iciicral celcr pale , vcilinr or ' 

lubr t. , wards the postencr end Head yellowoh hr-noi. with 'll""'''™''"/'’", "‘Xinnien 
darker brown, .\ntennae three-jointed. pale, .'herl, and thick The the a\ . i ut4pr 
iirt* (larkfst oil th<* tiorMum. fatlmtt to p-ilrr on tlic m:.ririii^ :uui vt-ntni Mir ^ 

OTV jiale yellowish at tlie end Tlie hrst tlioreeie segnient ha.s 
iMiprps'ictt imrs on t!\(' d- r.'-um; M-irntcnt^ twn -tint tliriM* 

en each side near the liorder. between whieli is .i ir,ins\ers(' curved hiu Apnor "margins 

near Its anterior niargei, fr.'m wliieli two olilniiie 'traight huesexteiul o u I * surfaces 
"1 the segments, 'rhe h'gs hale stout, blent, spine-like | roee.sM's on their , P 

■c'll stitT hairs on the posterior. Tlie abdominal segment' ari‘ Iraiiscfr.st , , supplied 

-Kenor and posterior margins The shiii ,s dimreene.i, and ’'fV' '"'‘f 
.spino-liko h;iirN (tf viiriMii.-; Icinrih'; I hr tnrU i. s ^ 

^Mii II .seen from above this .seguieni rapidly narrows lo n'nl''a> '’i" portion 

torrnmg a r'limded, hilx-hko projection of athuil one half the wij r ' niareiiial crown 

Ce .segment. On the projection are four long, st.tT, spme-hke liair ^ 

d.orter spme-like proeesses, .aeh of wtdeh ends ... a tme, curved, h.ur like la.n. 

''■I died from two .specimens.) 


The 


■■■ pupil (Piute F.XIX. !>1 o 
' dicigciict; of till' iidiilt bi'etle. 
thru the pupul skin.’ I'li' 
slightly ilicurviug sjiiut 


Th< pupn 

is pule velluw m eohir until just belore the 

* , '1 1 - ..I s.. Ix.i.K' niiirklUliS lUvlX 


ill. 


when' the durker bedy markings maybe 

;.:p;r.dtheb,nh t,eam..olu-^-l>-- 

The leii.glh i-^ .abiiiit 1 inilliin> tu . 
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Thf nditU 

Tht' :ulult (Platt' J^XIX. 11) is (It'scriln'tl Oy Hlatclil(‘>' (1010) as I'ollim,. 

Elongate-ov.il. Ci)l')r VArialtle, >t.siilly r>'il<tis!i ur l)r iwiiis'i-yfll )W, sSuiiiinf: iKirj j,. ^ 
always with a piliT nuHlian strip', uiuh'r sirfaci' and ii irr >w ni irKiiis of tli )r,i\ 
piceous; antennae and h'Ks reddi.-h-lir. iwn Tln)ra\ one-fonrtli wider tlian l irn;, ^Kii , 
feebly rounded, surfaee finely and -pir'elv punetiired Elytra di.-tiin tl\ iiidir thim 
tlior.ix. finely, .shallowly and r.it her deii'i'lv p un t itf. I.eiiittli d I nun. 


I. IKK Illsro'.tV \\l) lIMtllS 


Till iiji/ 

l’'n>is <il' tilt' ])ali'-rt I i|)('<l til'll lii'i'tlo ui'i'i' ticarly niatiin' m i ,l 
t’l'iiiali's (111 .Inly I"). 1010. ami Ini'tlia plait'd in a rater uitli raowml :in.| 
iM'ans (iti that datr had dr|M>.'iii'd <'ti)js in ihr sail li\ .lulf 22 In Kl.'ii 
nn t'trjes wi'ti' t'lUind in frnialr^ njirtird Iitl .Innr 20. hut thry wri'r 
in spi'i'iini'iis i)|)rm'd im .Inly 21. In t hr raters rieie'' wrrr drpusitrd I'm' 'omi' 
tilin' fit’tt'r .\iiieu.st ti; many wi-ri' drposiiril almut .Vnteu.'t 2."), and .-'Hinr loiiM 
still hr found on .■srprrinhrr It ma\' hr -aid that in Xrw 't’ork thr in riini 
of ovi|)osition of Si/slrnii Inni’iiln t'xtriids from th ' hast of .luly iiniil tlr 
fir.st part of St'plt'inlw'r 

In 1910. afti'i' tiiidiiue rm;s <,f .s', tmiinitn in riitirs thr wntrr In ikr l lor 
tht'IM ill thr Held, and on .luly 20 a frw wrrr disroyrrrd around I'ntewroil. 
( )u .kuteust ^nllir wrrr takrll Ural' thr root « of lain 1 )’ '-i |U ill i 'r'. nllil l.ilil’ 
many mori' wrrr found around t his host Xmrirni rine' iiiidrr oh'oia .n imi 
III thr lahoratory hatrhrd in an avrr.iier of 17 days, with a rnnier fioin l iio 
2d dav". 


d hr I'letr (d .S', till nmhi rlo.'rly rrM-ndilrs I lial o| ,s'. J i iiiihih all ill i' 
fn'ijurnl !>■ pn-sriit in thr 'ainr h.ihit.it, and .'oiin i iinr> it I,' dlllioilll to 
di.stinteuish thr I'tejjs ol ihr-M' two S|)r('lrs, HoWrVrr. till' rjeie' ot 0/,/, ilhl 
art' sniallrr and arr drpo'iird rarlirr in thr ~r:i^on th-in tlio-.r oj 
Frw frinah'S i>i frimtiil 1.1 wrrr iii.-iltirr whrii la^us wrrr found m llo' lii l l oii 
.\uteu.-"t ami. 'ini'r a drad sfM-rinirn of lniiiiiihi was found m ) h' leiounil 
rirar thrs*- rgtjs, thrrr i- littir douhl Ilf tlii'ir pirrlitater, 

I'^KK'' of tuiriiii/n arr ii-u.dly 'i-attrird m th" lerouml sjntely. hul ih a mo 
ocrur in rhi.strrs of from two to si-yrn. 'I'hrv may l>r loun 1 liom ii lo 
inrli to thrrr inrhrs drrji, and thr writrr has always loiiml lli 'ni i m d i' 
root.s of niKwrrd and lamh's'<|ii;irtrrs tho thry no iloiiht orrui '' ' " 
soint' of thr otiirr hosts of thr in.~rrl. 


I'lii- litnii 

KkiTs of Si/.‘,/iiiit tniiiiiilii havr halrhril in thr lahoratory Irom 
.'v'jttrmlKT S. 'I'hr nrwiv hatrhrd larv.'ir frnl Ih'Iow i;roiiiid 
of thrir wrrd hosts, ,\ frw sin-ill larva*', toierthrr with rjeK"^ "I ' 
wrrr ftiiiml on thr latrial roots of laiiih's-qiiai trrs iti ,\U)e'lst. I'*! 
<>f thi.s .s()rrir,s hayr not h*'*-n foumi fr*’<lin(e on th*' roots ol hi - 
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The writer has not suceoedcd iti rcariiifr tlioM; larvao. hut it is believed that 
llie insect hibernates in tile larval stafte near the roots of its host plants. 
On May 2r>. 1020. larvjw of what is believed to be this species were found 
around ragwc-ed. hut when these were taken to the laboratory for rearing, 
they dii'd. Later, pupai' (if ,S'. httnintd were found in this .same place'. 
It s(‘eins reasonably certain, then, that the larval stage normally begins 
betwi'cn the last of .inly and I h(‘ middle of September, and doe.s not end 
until lat(' .M;iy or (‘arly .lune of the following year. This would make a 
larval period of from niiu' to (‘leveii months. In 1886 Forbes (1894) 
found larvae feeding in > <)ung corn plants in Illinois on May 17. and again 
on .Inly 11 and 12. ( hittenden i 19(13) reports finding larvae feeding on 

the roots of lainb's-ipiarters and .lamestown weed. 

Tlir pupa 

Pujiae of Spxlciui liuiiinld were found from .lune 29 to July 12, 1920. 
around dead ragweed along the eiige of a field that had been in beans the 
lin'vions yt'ar. Twenty were diseovi'nal about one plant, three inches 
hi'low the surface, in rather compact soil. Beetles emerged from these 
pupae b(>twe(>n .July 13 and ,luly 2.'). Forbes ( 1S94) report.s pupae emerg- 
iiigon May 26 and .lune 7 from larvae found on ,May 17. .\dults from these 
pu|)ae emerged by .biiie 17. It would appear, then, that the pupal stage 
may ciiver from two to three wi'cks. 


Thi (III 1(1 1 

Pale-striped Ilea beeih'^ have bi'en taki'U in 'h(‘ field trom the middle of 
■hnie until th" middle of September. In litJi) the first beetle was seen on 
.blue 19 and a few were alive in eagi's on .Scpteinl'er 10; the mivimuni 
iiuiiilier was present on plants .about .liilv 20. Phi' ovaries of female beetles 
opened on .June 29 were v<‘ry immature, but many well-developed eggs wore 
found in insects dissected on .Inly 21. 

1) has beiai noticed etch vi'.ar that whim Sij.-Uii'i ttniiiutd becomes scaice 
on beans, ln'etles mav still bo lotmd on ragwia'd and lamb s-Quaittis, 
'■■■l"'eially along tlu' edges of lields. On Aiigu.st 19. 1920. tneuiata was 
heeoiuing seana' on beans, hut it oiaairred in large numbrn's on its weed 
hosts until about September 3. , 

Luring the latter part of (heir adult life, the females go down me 
ground around (lu'ir favorite food jilants to ih'posit their eggs. In search- 
"m foiM'ggs, th(' writer has often found the beetles crawling m the dirt three 
""'hes b(>Iow the .surface. On(> much babeivd fi'inale wa.s found mur 
'' hes down ill (|„. ground. iK’.ar a ragwiaal plant, on Septeiu >ei ■ ’ 

I'’"'" "tost of th(> beetles had dis,a|»i)('ar(ai. On September L.i, lOi.'- u 
ole with partieh's of dirt adhm-ing to Us legs and its w mg ' 

‘ "'lid on ragwiaal. It had appareidly bum down m the ciouiii , i. ' ' 

"' ll its eggs, and had (aime up again to feed. 
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The jiarciit Ix'etle of N. Imiiuitd lives for a ri'Ialively lon^ time nml t||,, 
period of ovipositioii eoveas a inoiitli or inori'. Beetles hav(' Ih'cii sn n in 
eopulatioii from June, wlum the ovaries waua' still immature, until Srpteni- 
Ix'r. when nearly all thot'fiiis w<‘re deptisited. Sinei' tlu' jx'rioil of ('in; layinir 
mav varv so gnaitlv, it st'i'ius likt'ly that some heeth's which enii'ryra l.n,, 
in the summer and continue to oviposit fora lonj; time m;iv pass the winter 
in till' heeth' static. ('hitti'iiden ( IttO.d) states that the insect hilietimti'^ 
as an ;idult, and (litison i l!l| J) found overwinterint; Ix'elles in lnneiln 
Helds in Ontario it'anadai in May. There is then-ton' ticxxl evideinr of 
adult hibernation in some places, lait the writer lx'lie\('s that thi> le r:in‘ 
in New York. Forlx'S flttO.*)) believe^ i hat in Illinois the insect hibeiimti" 
as a larva, and the writer's (jb-^ervat ions point to the same eonelusnni for 
Xew York. (’hittenden i lIMtOi belie\'e-i tliat there may be a .-ceonil 
brood at Washittiitoti, luit the writer believe^ that in New \'ork tlieiv a 
onlv OIK' brfMxl. 

>K.\so\.\l. Illslonv 

The parent ixa-tle of Siishnii tn, nintn. emertiinii durint; June and .luh. 
de[>osits eiiiis in the croiitid around raiiweecl. lamli's-iimirlers, and pes'il'l' 
other ho'ts, from .Iu!\' to Septt'inber. I hese eiitrs hatch itt Ironi twn te 
three wei'ks, ;ind the Itirvae hibernate after feedinii for some time nii the 
tine roots of their ho't piatil.' Duntii; .bine and July of the next y ir 
these larvai' eineriie ;i.' (lUpae. and aflet two or three weeks the lieotlc' 
af)[x'ar. In .\ew York there i' only one ueiieration a year. 


(ON 1 KOI, 

( 'lean cultivation i' ati im|xirtatit tact oi in ' be eont rol of .S'i/.d( nn t'li ('"//i'. 
I'eiice corners ami t he edttc' of tiehis, w hich are iiexcr cult ivtited and wlnn 
ragweed and land)''-<iu.irters floiiri.'-h. often Ix-eome eeiilers ol iiileUaiieii. 
'J'he pilpile of Idintilhl have been found III lalUe numbel' alolind tiles' 
weeds ;it the ride of a field th;it liad been in Ix'.ili-' the pl'eeedllii; >( .*■ 
In this Held the Ix'etle, Were fil>t seel, m-ar these Wec.b III the spll"t-' 
timl thruout the siiniiner. when Ix-aiis weie aitain planted, tin 
were more initneroiis aloiiK this bonier ol the Held When th' 

Ix-et Ifs are tliat lire t l.ev seek out t he-e >Veed host > as places tor i e e 
The Catl-ful eradic.'ltlon of ihe-e weeds from the 'ide of the field' 
tunoru' the ts'ati (ilaiits will helpKie.itlv iti rediieinn the nund'i ■ 
insect. f inits are (>ften (le|S>s||ei| Iie.ir weeds yrowilin Itl t he field ! ' 
it is prob.’dJe that iiianv larvae and jiujiae are .h'st roX'e'l wheti i 
is HttCfl for the following crop If these weials are removed In 
and from its environs late in .XiikU'I, wheti most of theenKsan 
the vomu!; larx'ae will lx- without food ami many will die * 
planted Ixai.^' in the 'ame fid'l toi -exeial siieeeedinr; \i.ii 
were alwavs manv tniniiitn pie~ent on his plants. I'.arly m 
HtHt. he pulled out all of the raKweed and latub's-ipiaitem ; 
the field profKT, ;i.s well as that ah»rig the intirKiti, ami hi 


I'ts 

I'eiiiab 

iM'IIietl. 

I,d frelil 
~ 111 till' 
l« I . hilt 
nioUl'.d 

■ ,1 (n'lil 

sill'll. 
.^11 AVI 'I' 

! tint'' 

■elllhl’l' 

unit I" 

1 linin' 
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than (luc-fourth iLi iiiiiiiy fii'ii wcit (n'cscnt as tlipi'c had been the 

rear liefore. 'Idle food siijiply of t)ie yoiiiiR- lai'vae was removed at a 
caitieal time, ajiiiareiitly eau-sine many to die of starvation. 

d'he parent beetles ari' often numerous on rafiweed and lamb's-quartcr.s 
strowint; amontt wliiait and oat siublile in the tall: and it has been noticed 
that when bi'ans were plained in ihe.-e tields the following year, the beetles 
were often alumdant. Beans arown on land that had previously been 
in clover in wbieh some rairweed 
had also spniiiK up, often .show 
as heavy an infestation of ,n', 
huniiitii. If sod land or stubble 
land of this type is [ilowed deep 
in September, when the larvae 
are small, so as to destroy the 
lai'val food supply, it is piobable 
that till' inf(‘Station of t he I'ollow- 
inti sprint; will be mueh redin-ed. 

.Vi'tifieial eont rul measures 
ti'sted attains! ,S. /uenm/n and the 
led-headed flea beetle, S. fion- 
ta/;.'.. are di.'i'ussed on patre HUl'.i 

Till', ki;i)-ui'..\im:i) pi i.ri r. 

iSi/sti /HI froiihilis Fab.l 

A rather lai'tre. lilaek Ilea 
heetle. with a rial head, SiihI, iiii 
Jniii(iili.<! (of (he famils' ('hrrsi- 
iir-lidae), ma,\' be found more or 
less abundant in bean fields in 
New Vork ('very aaar. In dry 



■seasons it is ofieii uumerou" 

eimiijrli (o eaiisi' considerable I'e, Uo hkvN i'i.ints iumv.kd b". the bed 

daiuatte to the foliatte ihirs. t miv bh.ti . 

find (It). This insect has b.-n m,u ri...- 

loiiiid at I’erry, New York, each . , „,o,vDD.t 

,'ear since 1917. and in ItllS. when (here w.is little ram "'Tni ] 

,'e|low as a result, of the feediii.!; "f th'e ep.aaes ami the c ivi ■ ' 

*"im, .S', fiiciihitn. Tliirty beetles have lieen .•omited tu' 

'cifaei' of llie leaves of a siiit;le plaiU. Dr'y olten f,.oiu 

I'^liiits, seriously dainaeiiii; tliem. while olh-r plants au , 

frontalis- is a coinmon insect in the I nitctl Stalls ' j’* 

.■.■.I.I.ue,., I«vl.. |>,.l-il.»-s, nu-n. „„ 

' utes. mant;le-wur/.els. and pear lean's. 11 i. 
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F'r .. 04. BF.AV VVI) (I.OVFK ISJ If.f lO IH> ItMlIlh M't l> 

Japaiics/- lion'-V'iifklc. vvfMti'la. a.'tcr. cliiA'.'aiit 111-11111111. tnar.'li iiiallim. 
rose mallow, ^martvv('(•(l. |)i*jwi-<-<l. Iaml>''-<|iiat Ins, ami ra};\Mi''l 1 " 
addition to tlic.-s- lio'ts. tlic wrifor lia-; loimd tin- <|)nii-s on troliiriiniil. 
dais\', broad-li-af<-d plantain 1 /^hiiitinio iiminr I,. 1, hlack liindwiril 1 
(fininm ntni oh nlti-< 1 ,.). common liiirdock .\rrtiH)/i ittnnt.s Hn iili 1. Iiral-all 
I I'riitifllfi luljari.'i I..), lady .s-thiiml) ' /'n/vi/nimn Ihisn-iiriu I, . "'I'l 
lettuce (l^tirhirn rarmih n.'n I,./, .-iml Ix-mnii-I lek' { /{nit ris jriJii'liKH I., 

Where N. finnliili.'i ha.'- tieen foiiml in hiri:e numlm-'. .-'ome ot ii' ""ol 
host.s al.'O have Ix-eii ahundant |{ai;weed. laml)’^-<|Uaiter'. inil I ' 
ticks s<-cm to Is- the ino'l |»le|'errei|. 

llll’l ION or -- 1 \oKS 
Tilt iiji/ 

Thn CKK "f Si/xtimt fnitihilin is elliptical, slightly more round' 1 it 

end, and is pale yellow m cohir il’hife l,.\\l, ti). 'I'he 

erml. I ndcr hiKh [lower these roughened area-* arc seen to I" ii,,. 

anrl they are made t»y the union of shallciw Krooves wlinii '"m,,') 
fmrdrrH of difTcrently sha[H‘d polyuons. 'i’hc ienj^lh is fiom " 
millimeter. 
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'J’Ik bin'll 

Tlu' larva (Plate LX IX, 7) is dirty white in cDlor. appearing darker where 
the euuteiits of tlu' aliiiientarv canal show thru the l)ody. The large, st diain- 
cteris at a point aLout two-thirds of the distance to the caudal end. The 
heeal is pah* yt'llow. with darki'r markings on the lateral aspect near the 
lower side, 1 h(‘ body is nundi wrinkled and 's covered with many setae. 
On the caudal end th<>re is u proiniia-nt erect tubercle bearing two pairs 
<if piiiniinent spines, and on the apex a tuft of fine hairs. An anal proleg 
b present. I his descriiit ion i- Ironi oiw spi'cinien, .).5 inilliinetia's in 
Iriiatli .and j)robabl\' nearly nialure. 

Thr ml lib 

The adult (l’Iat<‘ L.X.XI, S) is de-eribi'd by HLifchh'v (1910) as follow.s": 

Iti ^ctiililc.'' hiiil.^iii'ius \(‘Ty I Miallv a lillU' broader and less shining, the head 

roidish or roddi.»h-yclluw: antennae and ligs mostly pale Thora.x more distinctly and 
elora less l•e,Hr.sl■ly piinelaie. Malis in both sja'cies with the la.st vcntnal segment notched 
ia(h ode, the middle hdie with a I'eeplv iinprissed triangular median line, length 3 5- 
t ,'i mm. 

I.IIT, lllsloRV \\l) HABITS 


Till iijil 

linniatHi'e eggs of Sij^ti nu frunUili-'- were found in dissected females on 
lnl\ l.‘>. 1919. .k few iiiatHiT eggs were found in iii'ccts opened on August 
■"), and numy were found in tlio.st' di.sseeted on August IS. From this 
lime until Septcmlier lo, eggs wer<' foiniii in beetle' that were oiiened. 

ages were found afti'r .\iigust ti. In 1920 the 
in appearing. The lirst U'etles were taken on 
coni. 'lining matiin I’ggs were scarce until Sep- 
oviposHiuii in the ea,ges occurred early in Sep- 

iben. tbai lir,' ovipositioii perioti varies greatly 

fi'iiiii Muir (o yi'jir, occurring .at any time in August or September. 

\ltcr finiling eggs in the laboratory cages, the writer searched foi thoiu 
"I Ihe field, und oil September 20. 1919. a few were found around ragweed 
■ iiKl lady’s-tliumb ,\fler tliat dale, eggs were frequently touud on the 
'Oil iic;ii' r.'igwced. and on September d ihree eggs were located neai beggai- 
iick' dll September 11. eggs were found near a liean plant in a neU 
alii'ie ragweed was growing among the beans, aud lu the same ni i . on 
pleniber l.a. oiie egg was discovered near a jdant ut -'-ilihutt i. . 


Fggs ile|t()sited in the ( 
m.-ects were liiueh later 
■Inly 29. tind specimens 
fcnilier ;i. Most of the 
teinber. It mav 


I II H • t as* W V « I « M i.x .. . 1.' f ^ 

[•'‘‘viouslv thr ('Ulis of N. :uul iIiom- of :^,Uhn(aUii\\v 

, I 


'' i”'v iiiii.siv siaii'd, I lie egg.s oi •'. iimiKii'-' ,i"»- ■ • - . 

'' m similar,' bill llie eggs of fniiihilis an' huger -aiul are usually deposimi 
'■''' r m the sea.soii ill, 'in lho.se of ImniiiUi 'rhe_egg> ot ha ma/d hatcli 
die tall, while fiiiHtiilin w inters in the egg stage. 1 1'c eggs just iiu n.u lu c 
■ '''aving be.'n ■foimd in the fall of 1919 did not hatch that lalt. 

> ags of frunUiUs have In'eii found, m tin' held, 'catlered "''TU . 

' "'ll llin roots of its li.ist pl.ints ami I'roni one-halt to two mches dtip 



1008 


I. M. HAWLFn 


Most of the offfis fouiul h;iv<' Ihhmi noar raffwi-od and iM'ttfrar-tick^, tlio a 
few have Ixani found noar other hosts. 

Tlu' eees of N. fnintdlis tliat have l>een uinhu’ oljservatioii have ni'vci' 
hatehc'd liurinst the same year in whieli the>’ were deposited. Ivle\en 
depositt'd on .Vuipist 21. lOM). hatched betwe(>n M:iv 20 and 211, |!I20 
Tlie.s(' eg>is were kejjt during tlie winter on moist dirt in a petri di.'h m a 
cool room. I'.ittrs deposited during .<e|)tenilH-r, 1020. and ki'pl in a uaim 
office, had not hatched l)\- Kehniarv 20. 1021. It would seem, tlicivlijn., 
that the eii:i>: ~taiti> of this i!i>cct covers aliout nine months, .'^(•.iiuiml] 
I 1017j sav-: " laying lieijins in late. July, witli deji.isition jii-t lielew 
the --urface of the enmiid. Matchinii taki's place the' followma .\Ii\.' 

■ '['III hum nii'l tin pit jin 

Little i-' known of the larval st.iife of .S'l/.v/c/m fninlnti'i. rwo laiaar 
hatchinit on Mav 2”), l!t2ft. were re.ired until .lime |.). .Vt that tiiiic the 
larger one luid reached a leimth of millimeters ami was prohahly .icaiiv 
full->iroWn. rile writer did not siieceed III re.aiaiut thesi* laiwac tlllll te 
pupae. riie laiw.al 't.at;e m prolcihl' pa.'.'ed iii feedinju on t he rout' Ilf th'' 
in.s<'ct's Weed ho'i'. liiit there aie no delinite data on the larval and pupil 
jiarts of the life hi'fory. .\ pupi belnwed to he that of /om/u/i' w.e 
found near L'uijar-tick' m .lune. 1020. hut a.' it could not he rc.irc;! the 
identity is uncertain. 

Till iiihill 

The red-headed tle.i heelli'' hive heeri taken ill the field from iMl!} Ill 
•liilv until the tii't of t ‘■•tnher. 'I'liev are mo'l ahundani on lie.in- m 
.\U(IU't. Heetle' ha\C fleiplelitlv heeii ■ eeii in copulation duilllli VuirU'I. 
and in 1020 'Oim- were oloerved a.' late a' .■septelllhel l.'i. 

Blatchlev ilttlOi found the pireiit tcUlesof ,8 /sp/| 1 //(Ui'a/c'' wmiehni: 
heneafti the haik of white III iple all 1 in niulle.ii, in Indiana. I In' "i"'' 

h.i' not slleceeileil III keepim; 1 he cane, i hcetli’S alive thru the Willlel III 
New ^’ork, and, 'ince thi' ill-eel has hot heeii foiiinl in the 'jirinv hel"ii 
.IiiK', It 1 - douhtfiil that It hilHaiiale- a- an adult in thi- Slate. 

Red-he ided tlea Ixetle' e.aned with ratJWeed or iHaail- wall iced " "'III 
for .a few da\ ' ami then ijo into the trioii ml to i iepo'tt I heir eitL;' '' 
field the 'allie comlllloli H found .\ller feeilmn oil iH'all' the. "'"ill, 
l.ti;Wee(|, Is'i'nai -tick-. ol .'Ollie other llO'l , V\he|e they Ill.lN I" eiiii 
. tiuiiilx'i's iinlil lhe\ lio into the sol! for ovipo'ilion. 


'!•. \'0 ,N\r, UIsloKV 


I he parent licet |e of , 81 /.-// mt /ru/'/u/K comes from the^^lou^d 
.Vudust, and, .alter leefliliK on its lailtivafeil and weial Inel' 
ground for ovipo.sition during .\uKu.st. and .SepleiidM'r. 1 h' 
win.er m-ar the platit-, and hatch in .M.ay of the following .vc.ai . 
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and pupal sfaRos an> liftlo known, l.iit the laivao 
mots of raKwt'cii. Ix-fr^ar-ticks, and otl,,.,- wci'ds 
June'. ’ 


prohahly 

pupating 


food on the 

soniotimo in 


CONTROL 


It has l,oon pom od out tl.af ,.|oan onltivation is an important factor in 
ho oontrol of S,islnu, tm-nm/n and this is oquallv true for N 
Jho romoval of ragweed. Ia.nl>-.s-<,uarters. and lieggar-ticks fro. a fid 



1 Ki tl.V si’kayino ma< him, I -ini iv kxi’kkimknt^ roii ihk io.n- 

THOI. (IK KI.KA HIKri.K'' ON UK Wi- 


'• toi til,- liave liei'ii deposited in tlie fall and again hetoro they liateli 
ju I u- spring, should (h'strov many of tiu' pests. .Many ol the insects 
’U ( d .along t ij,, 4 .,|g,.j, ,,f ( 1 , 1 ], j;^ ;|||,i j|, overgrown fence eorni'rs, and then'- 
"u keeping (he Aveials chained uj) in these placi's is a great help m reducing 
" iiutnhi'r of beetles that inav einergi', 
j. ,'u<' siimnuT of 1919. red-iieaded Ilea lieetlcs were numei'ous in a bean 
‘ .just across (lie road from the I’errv hilioratory. and conirol e\|)(U'i- 
Were eondueled there. On .luly IS. iican (ilants were sprayed with 
I, I ,!//'***' pounds of ptiste (o . '•9 gallons of water', and twenty-five 

(s Were phu'i'd in a ctigt' over these (ilants. 1 lie same numliei ol 
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)i KKd ,s 11, I’li.LD Beans Kill 

l,,...tles raf^o.l cvor u.ispray.Ml Imnujs ...m vo.I as a < lK.,.k. ( .Julv 24. oiKhtoen 

ol hvonfy- ivt. .....tlcs ^^■ovo al,v<- ,n tl,.. ..Ixa-k c-a^. I,ut no livo beetles 
cniild be touiid in he caK*' wlioiv ars.aiafe of load liad boen applied Field 
(■x|)enments ti'sted on a lariier scale arc listcil in talile r> 

For tlic .‘xperiincnts rccord.-d in lablc 12. l)f rows of iK-ans were planted 
in the held, runninK Irom cast to wc-t. .\t least one cheek row was left 
alterinitiiiK with the tivated rows. .V cotnp,cs.sed-air spraver was used in 
some ot the experiments. Inti in ireatni» rows 29. 40. 40. and 47 a hand 
pump on a waKon !).')). with a spray boom feediiij; twelve nozzles and 
(■(.vm-inji four rows. w;is iise.l It w.as impossible to keep up sufficient 
pressuri' to leed all ol the nozzles with this pump, and so the outfit would 
be unfit tor practical work unless the boom w;is attached to a power spraver 
or to ;ui eflieieiit traction machine. 'File three nozzles to a row covered’ 
both tlie ujiper and lower surfaces ,,f the bean leaves. At this time the 
plants w('re still ver\' small, but it is (piite possible to sprav bean? when the 
\ iiies ate more developeil. small hand ni icliine operateil by a crank was 
used in applyinti the dusts. 

Of till' materials tested, the l>ordeaux-arsenate-of-lead sjtray gave the 
best results, but ai'seiiate of leail alone was nearl>’ as etfi'ciive. It is appar- 
ent that tu'seiiafe of lead Inis ijood re|H'llent ijualities in addition to its 
killing power. Spniys of liuiewater. sulfur, and fish-oil .soap also repelled 
the beetles, tho to a less extent ; .and sexcral of thi' fi'rtilizcrs dusted on the 
plants ke[)t olT some of the inse<-ts. 

Il beans become hetivily inlested with Ilea bt'etles in .Inly, wlu'ii the plants 
■ne siiiall. tuid if growth is slow bm-ausi' of dry weatlr.a’. spraying with the 
lioi'(|eaux-arseii:ite-<if-le;id m xture or with arseimte of katd alone is bmie- 
jn ial. If suitable machinery is not axailable for spi'aying. the plants may 
be dusted with lime or with a eombination of arsimati' of lead and lime. 
In all cases the wild hosts should be remoxial fi’om f('UC(‘ corners, fiom tlu' 
>id(s ol the fiidd, ami from the liehl itself, soon ;iflei' oviposition is finished 
ni S('p(eml)(.|- 


I UK (JHKKN ci.ox i:i: wniiM 
{ ml .scu/i/u l ab. I 

I •'iriiig .Inly and until October of 1919. the green clover woini {Plathn- 
■'^pif>i'<i ( bepidojitera. Noetuidae) was \erv common on field beans in 
^ d'he hirvae of this snout moth may b,' found in small numbers 

on ie;ins in almost any vi'ar. luit oiilv or'casionally is it a serious pest. 
'' 1917 and 191.S tlie writer found onlv l\niv larvae ot this stieeies on 

oc:ins, 

Aiiio,^^ the many hosts of (he gremi clover worm are beans, lima beans, 
^"yiejins, peas, eowpeas, vetch, clover, alfalfa, sir.awberry. blackberry. 
/ '"'‘'’d, ragweed, siiuirt weed, and wild carrot 1 lie iarvai' that haxe 
" ' " '"und on field bean's in New York apiiarently belong to (he second 
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generation. As tlie early-s^'ason hosts were not seriously injureil. (he hixf 
generation no tioubt deYelojMal iinnotieed a!ul the i)ost appeared on l)|w|n> 
in niidsuinmer greatly augmente<l in nuinlH'is. 

Thcgn'en clover worm usually hilx'rnatc's as a moth (fig. DO, li). In Ok. 
fall the parent in.sta-t crawls into strawstaeks. into barns, urnh'r the liark of 



VUt YPKNA AND At.KtOTKH MANM-' 

\ unhr.i / '! |l. KrtitAl*' iiitdK ''f /’ ' 

/' •cfihrn hv Lir\.-»r of , « ninrjiffi 

t). \ larva of mnn< m t uftrittg a fix.', •iii*hMv 


tree's, or to any jjlace where it tmiy lx- protected from the eohl 
tible that imder iioniml winter coiuiition.s a large proportion o' 
r|ie Ix-ffire spring, but the winter of H)|H |0 was sit mihl tin" 
of insects ei;ierging from hilM-rnation the following spring 'v 

theaver.age. '{'he iiwan teiiifM-ratiin at Ithaca for the months "I 

19 IH, arid Jaiiiiary and Kcbruary, 1919 , averaged 11 degrei's 


|; I- |)r"l'- 
ihc-i moth? 
1 1 , nuinhc' 

; • I .'ihoVI' 

I I iironll"'''' 
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for the corresponding months of 1010-20. In the .summer of 1920, ryhich 
f MnwP.l an unusually sev(uv winter, the writer could find only one arva 
of this pest. This wms a parasitized specimen (fig. 96, (') found on .June 

:i on clover, from 


which eight speci- 
mens of /f/iiy.ssnhfs 
hixotcnidc .Ashm.'^ 
wcK' rean'd. From 
a larva taken on 
beans on August 
22. 1919, another 

parasite, Aleiwies 

iitlfi'nicdiu-s' Crc.ss..' 
emerged on Seji- 
teinher 4 
\Vh e n u nd i s- 
turhcfl. the larva of 
Pluihyjuna scdhra 
rests (piietly on the 
leaf and is incoii- 



s])ieuous hy reason 
of its pale green 
color (fig. 07, B): 
hut when the plant 
is shaken, the larva 
may drop to the 
ground and sriuirm 
liack and forth for 
some time, or it 
may remain sus- 
pended in mid-air 
by a fine silken 
tliiead. The older 
larvae are vora- 
cious feialei's. d’hey 
oil entirelv thru 



a leaf (fig. 97, .A), 
mid s () m e t i m e s 
|oa ke large holes 
in dll' pods (Plate 
1A\, ,0). 

I'he pupa (fig. 
9n, .\) is inahoganj’ 

"'dortiuiKHi l»y C' K 

''ll iisr'ln'j'V 



B 
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brown in color, is about 12 inillimct('rs in Icnutli, and bears several Imok- 
like spines on the end. This sta^c of the insect is usually pii.ss('(l above m' 
Irelow jr>‘uund in a frail cocoon covered with particles of rlirt. 

The moths of P. Muihnu reared from lai'vae found on beans at Pinv in 
.Inly, emerfjed in cast's from .Vu^u-^t 2o to ()et()l)er 1. hate in Se|)i( iiil,|i| 
there were many moths in the fields around the piles of dr\inir lunic, 
Xo efifjs were deposited by moths in caiii-s befon' they wi're killed by roll! 
weather. 

Th(‘ larvae found in a field at any one time vary greatly in size, aiKUoini' 
larvae could still Im- found when moths were ."eekin^' hibernating p'aii- 
< )n S<'ptemlx‘r 9 larvat' of all sizes were taken on Iwans. and moiv ui n 
found on ragweed on ( fi'tober 2. It seems probable that there aie tiei- 
mally two l)roods of this in.scet in Xew \ ork, but that in lutii; warm 
sutnnHM'S there may In* .a partial third brooil. 

When tlu' larvae of l\ .-■<■///,/•,; ap|M‘.ar in such lar>;e numbias ih.ii tlna 
threaten the be, an erop, they m,ay Im> controlhal by a sjrray ot ,ar.'-enati' nf 
li'ad, 2 to d pouiiil' of pa-te to .')(• n;dlons i>f water, I’o in-iire t he (ir'iiir'- 
tion of all laiwae, the under .as well .as the upper sjdc^ of the leave> 'llnulil 
lie eo\’ered. Sherman atid heiby l!)2tb found that the pe't could be inii- 
trolh'd when feedini; on soybeans l>v ilustiniz the platils with .a cembina- 
fion of 1 part of powchu'cil arsenate of lead to S |)arts of linn'. I he inatciial 
must 1 h‘ ajjplied as soon as the insects ll.•^in theii' work. .\ h;iiid dii'tcr. 
ueare(i to (ii'tribute two pounds to tin’ acre, is recommended in tins' 
writ<'rs. 

< )n wax and strinu Iwans it is not alw.avs s;ife to apply a |)oiseii m ilir 
po<is. To kill the in.socts on |>hmts of this tyjre, a s|)ray of Hl.ick-lcat-lll 
I 1 gallon to 7.')0 gallons of w.ater), witli tiic addition of soap id pound' tn 
•aO t'allon.s of water), should Iw used. For small j'.'inlens. a iiii\luic el 
one tea.spoonfui of Hlack-ieaf-IO ami one ounee of laundry soap m "'t' 
"allori f)f wat<‘r h.as U'cn found efTei ti\ e, tic larva is killed onb 'wn n 

thorolv drenched by the spniy, if i' necessary to I'over both the nppci u" 
the limh-r sides of the |l•.•lVe.s. 


TKK Ui:\N WKKVir. 

I A ! itfrs [lirm'h usj 

'I'here is no other iK-an |»est as well known and as iiiueh de 
enloilifdonieal literature as I lie Im'.-iIi weevil. .lcfO///o;.s( » //'/« ' "bt' 
o[>t<-ra, Hruehid.'iej (fii;. ‘fHp It is not a field |H'St in .New 'folk 
it frerjuentiy eaus<‘s Kreat loss to Is-ans in storage, a briel di- 
may l>e justified in this pa^s r. 

VV'heri leans that have Iks-ii infesU-d iti the field are kept in a " 
room, tfie rejinsluct ion of the weevil eoiitinues, and generation ii 
tion develofiH in tho stored .seed. Th" same thintf may h ip' 
uninfested leans ar*; put. in a w.irm place where tic weeviF e 


le 
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llic loss occasioned hy this 


present, d'hi.s work in stored fx-aiis is 
insert in New York (Plate LXXI, .‘B. 

In an effort to (kderniine the s„„.mer habits of the weevils that emerge 
troni inh.ste, .seed when it is planted, the writer, on June IS 191S nlaeSl 
ueevils, and beans eontainiiig larvae and pupae ’ ' ‘ ‘ 

of till' insert, in a fiidd r.age in which small bean- 
plants were growing. On July 2 it w.is noted 
that the parent beetles had eaten small pii-res 
from th(‘ leaves of the jilants; and on .\tigust 1,') 
till' beans just bidow tin' surface of the ground, 
that had not germinated, were filled with larvae, 
pupae, and adults of the insect. 'I'hi- condi- 
tion still pri'vaihal on October I. 

Bean weevils are not a stuious pest' under 
New \ ork conditions, becaus(' of th(“ low tem- 
perature during the winter, (iarman (1917) 
has shown by experiments th.-it a tmnperature 
of 0° I', for t went v-four hours will .destroy all 
stages of this p(‘st. J'hus the insects are pi'ob- 
ably never ablt' to li\'(‘ thru tin' cold wintiu's 
in the bean fields. .\t a temperature of .Kt' I-’., 
ji'cdingand reproduction an- so checked that little harm n suits. 

.11 New ^ ork who sa\-es his seed from hi' croji of 



ki'cps it in a barn or sotiu' other cold place, neeil havi 
■njury, Ylie same is tnii' wluui 


Fll, as THE PEC.V WEEVn., 
.OlAN'lHO'CELIDES OBTECTCS 

growi'i' 
the proci'ding yi-ar and 






little fear of weevil 
' si'cd Is kept in bean warehouses at low 
ti'inpi'ratures. In warm storesand seeil- 
hoiisc'. howe\-ia-. which oftcii have a few 
Weevil' pr("(mt in left-over stock, the 
Continuous niultiplication of the [test 
often re'lllt,' 
ot the beall: 


of the , 

111 almost total destruction 


THK Ul.t K-H.tXl)Kl) MlI.l.KPEItE 
(./ a/iO' ('ill nili eeo/'-/n\' \\ oodj 


In .luK. I!tl7. a bean, field near Ba- 
tavia. New ’fork, showed a luaivy infi's- 
lation of the millepede, or tluiusand- 
I'm: iii.CE-iiAM)Ki> Mil IK- legged worm. .1 iilir' ciii nili iH'iiH'tUfi (oi 
I’l-aiE, X 'V. the order l)i]ilopodai (tig. !>!•!. 1 he soil 

in this field is sandy, and when observed 

' "titer it was drii'd out and crusted, iltlio onl.A two wei-ks before it 
" eii very wet. ’^I'Ik' millepi'des were feeding on tlu' plant parts below 
and had eatmi the main roots to such an extent that some of thi' 
"eie almost .severed from them (fig. UKt. t '• Nearly e\er.\ plant 
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f II, JiM> ISJI KIK-^ T<» l»K\N-' 

A '»{r/»l finiir, 'unt^ liv I •/•/fA**- ri||nf/u«, fr^|tj»'»’*J M. 

f uN"^ Ilf *'j‘kiiig At»*| h-,n>,rn rnui bv ^ N'* • {nn iajUi -wUi l' 

• f»ll** •♦nil If) 'Ir* Jt>«) I c t>> <h<* *‘1 j>ihi* .ilfriiU"' Ifi'f'i’ ■ >‘ ' • 

It, ^ <« »}| ( x{m ri/ri< rif* :fi (hr >>1 )>«'»>« 

hml h'fii ;i( tacked, and fr''i)ncnlly there were frniii five to tcii c 
.arourtd a ■<ifiKle M’cdlinK. UejxirtM <>( f<imilar injury tn Ih hM' 
from < trlcan-* and Allcx.'iny (•(iiinlie.H. 

J. rn, ntirorinrluH .shews a preference for deenV’inK ve^!el.'ilit'' " 
tfiis is pre.setif. lull tender xroivinx (ilnnl.s of fl(,>sliy texiui'c "i 
In I.iritner's early writing-, records may Iw found of injun " 


I he 

iircIVid 

|,r (‘aicn- 

, KlIllllW'' 
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iiK'lons. radislu's, potatoes, and turnips. Lintncr citos als{) an instance of 
injury to nursery stock wlucli was planted after an infested crop of 
potatoes. The writer lias observed these millepedes feeding beneath the 
ground on young hop viiu'.s Ix'fon' they had become hardened, and they 
have often been found in dm-aying roots and vines that had been injured 
hv the hop-vine borer (dortifna inifndiiis (hience). Millepedes thrive 
under moist conditions, and their attraction to growing plants is often due to 
decay started in the ti.ssiK's by excess moisture. 

Tlio blue-banded milleiiede is .said to deposit its small, white, spherical 
eggs in the spring, in clusters surrounded by pai ticdes of dirt and excreta. 
In midsummer, sjH'cimens of all sizes may be found feeding together. 
Two hundn'd nulle|K‘d(‘s were found in oik' jiotato by Lintncr. The pests 
often gather and crawl over one another, forming moving balls of animal 
life. Late one evening in Septmnlxu-. I!)19. at Pt-rry. hundreds were found 
crawling on sidewalks, in gutters, and even up the sides of houses. By 
morning they had nearly all disapivmred. 

There is no .satisfactory control for mille|K‘des under field conditions, 
A bait of poisoned potato Iniried in tin* ground is said to be of use in gardens. 
Tobacco dust .s(>ems to have soni<> n'lxdh'nt (“ffect. and on a small scale 
.spraying the ground with Hlack-hmMO. 1 part to 7o() jrarts of water as 
recommended for control of the hothous<> milh'pedi' [O.rxhix umc/hs KochL 
may be effective. 


TML .soI.AXf.M I!<M)T LOISK 
{7'n'li(l<ij>hix |■(lllicl(■lll<l Lssig') 


Lacdi y('ar a few bmin plants have been found with their roots serving as 
liosts for tlu' solanum root lou.sfu Tnlitlaiihix pulirifold i Homoptm’a. .Aphid- 

idac). If the aphides are numerous, the lea\(‘s turn yellow and the plants 
take on a wilted apixairance, du<“ to tlu' injury to the lateral roots caused 
by the fix'ding of the [x-st. lnfest<'d plants have been found from June 
to .August 22. ( )nly the apterous forms of t he insect were .seen, and tismmy 

there wer(> more immatun' than lull.v develo]K'd lice present. 1 test 
aphid('s .are cream-colored, but their |)owd('ry covering fr('(juentl> gi\es 
them ,a white, woolly apimarance. An ant. Sohnopxix mtilcxtx ^ay. is 

often in atteml.ance. . ,0,- 

A bean grower near Castile. New York, informed the writer that tp'’ 
his entire fie'd was so badiv attackml that tlie crop was ruined. \Uien 
’'•"IS were planted in this field th<- n.'xt year tiiey were again inlesteU am 
had In be ilraggiai U{). Liia* of this s|K'cies have also been loiim m si 
miinbers near Batavia, in ( lene.see County. lorti as 

iii'liricold is reported from California by h,.-'Sig ( L • •"" 

'''ding on rough pigweed (Aninninllnix nh iijlrxK-'-) . beet i u " ' . • 

'’>'"1' nightshade \Lhnuw nujnun), and potato /nLie.oim). 


■' "...ri.n lij M|„ K 1>„|,,|, 
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It is pr(>l):il(li' that tin' iiista't may 1«' roiiiul im wtaais in .New Vmk :uii| iv 
injurious to iMains only wlion they an- plantoil after otlior iiifc-tn I ll.H., 

THK WIIKAT WIIlKWOltNt 
(Aiinott .•< iiKincii-i SayJ 

Larvae of t he u lioat wireworm, i/iniicus ( ( 'oleoptera, l il.ii i i iijn,. 

ma\' 1 ) 1 ' found each yeai‘ feedin}; in the roots of field U'ans near ]*eii\ . \i v, 
York Plate L\\, t'. This is especially imtiei'ahle wIk'u tin- pl.ni’s in,. 
alreail\' %V(‘akened li\' the dry root-rot caused hy !'>isan>iin inaiiii /)/»/«„/. 
The tajiroot, part y destroyed Ly the disease, is ;i place of easy entiMiin 
for the lar\'ae die. '.Hi. I), pa^- lOl'J), .anil uhett once inside they fn'qiu !it|\ 
eat their way upw.ard as far .a.' the lii>t leaves. Se\eral specimen' iinv 
Ih' fiuind in a sinel,. plant, .and if the ruot-rut .alsii is |)re'ent the plant' 
often have a droopin<r. wilted ai)|»earance. It is usually iinpoS'iiilc tn 
ali.solutely listineiii'h the injiirv caused ti\' the insect frnm th.at cmi'cilliv 
the di.sea.'c. Karely have plants u it h hc.alt h\’ roots l)e(*n found to 'eiitain 
wirewoiins. 

Larvae of thi' species h.a\c .also lieeli found feedill!' ill the roots Ilf Liinh;.- 
i)uarte|si and of ranweed i'lowini' in Ix aii tieids. The life hi'tiiiA’ nf tin’ 
iti't'.et eo\ers a iwriod of three years illyslop, Idltli. .\du!ts weic tnkni 
hy swecpmi: duriiii; M;i\' and .lune in I'.tlt) 

.\s far as till' writer has oh'erved. 'crioiis injury from uiirwui'iii' Iw' 
Iweii rc'trictcd to 'inule plant', or. at nio-t, to sniall parts of ,i lull I , anil 
their pre.sence may he explained hy the |)ractiee of plaiitinir hc.iii' alii'i 
'od, whii li !- the norm.il ho't of the insect 


riti: ia.it .spiiti it 

I'l ! I lilt'll )iH.t tilinini L. 1 

In a slimmer that i- hot and drv. Im-.his mav siiffi r fiom i he n h 'pi'li'i 
7 V /ritto/f A )/.' Iiliirni< 'ot the order .\can ii.a i 'Plate LX.Xi,.)’- L' 

[tianfs on the expenmenial field at perrv were coM'ied with the" | 
leaves turned vctlovv and tile urowth was sluiilei 


Ih! 

,.'i |ii !li'‘ 
liii.il I’ainhill 


\unU't of tliat vear Was onlv li .'17 niclii '. ' 

p.lf'.t the leil 'Dl'll'!' 


illl.'t inches. 1 1 


at perry durintr .hil\ ani 
the iifirmal for these two moiilh 
wa.s r-ornmon in soine part- of ( ienesee. ( )rleatis, and Niaa.ii ' 
where .'Uiairi the rainfall was t>elow imrtn.al. It max’ he occ.i'imi li' > " . 
on Leans in atiy year, hut when the Kr*ixvth of leaves is hix'n! )' 
tltitiiaite that it causes is easily overlooked. I'his mite 11 1' n 
hosts, .and fields that h;tve wei-ds ulon(< the elites or hcl"'' 
u.sually show a heavier infe.-talioii. ^ 

Injury h;,- T. Iihirnii mav Is- leconnized I'V many 'iiiall 

ofi the U[>|)er 'iiiface of the leaves, where the plan' '' ''' 

< >n the under -urface of the leaves, sm.'di weh.s may Is' oh'i i 

small yellow, Kreen, or red mites may Is- foiitnl erawltiiK "i 


'Inllit 

nail"’ 

. I'llW' 
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the strands of silk. iMich lirown arra sciai on a leaf |■(‘])^'spnts the placi' 
„f fcediiiK of a mite below, and a.- tlK'.w niark- ini-rease. tlic li'af lieroiuos 
spolteil, turns a sickly yi'llow, and in some cases ilrops. Tlie lower leaves 
ari‘ attacked first, and as tlie.se are destroyed, (he small creature.s climb 
kifilicr in search of new food. 

WHITK ciil ns. o|; .man HI.ItTI.KS 
I /‘IllllliljilliHIH -|) I 

White (irubs. tin' larvai' of May bect'e^ -( ’olcopieia. Scarat'ai'idae). 
tlm occasionallv found, have not been re])ortcd as a scrimis pest of field 
beans in wi'sti'rn .New li'ork duriiur (he past four yeais. In 1917 the 
hei'tles w(‘n‘ present in very lai'fte numbers around electric lights at Perry.. 
Thi' writer had bSl specini<-ns. collected between ,)nne 12 and June 2.i. 
idcntifieil by Mr. ilenr\- Dieliicli. who found Id? PhijUophngn fusca 
Froh. males and dS/n.sni females, ainl 0 /'. nii.rio bcconte males 

and d (itu'itt Icmales. I*, fust'ti is bdict'cd in lorbcs f 11)10' to pass thin 
a dire -,\ears cycle. In 11)20 a few l.eetlcs wme collected around lights, 
bill this brood was much smaller than the one obscrvial in lOli. In rare 
cases the writer has found, in diguing around a wilnal bean plant, that a 
white grub had cut it otT. Several plants ol this l.\ pe wi're found in 1919. 
ami one bi'etli’ ifii.'cu). lired from a grub louiid on .luly d. changed to the 
adult stage on Sejiteiiilicr 1. It would hat’o emerged norniall.t in thi' 
spring of 1020. 

Iiijurv from white grubs occurs u>uall.\ wlieii cultivated ciops ate 
planted after sod in a year following one m wliicli there was a large enuu- 
jictice of parent liectles. 'I'lie .Ma.v beetles, .iccording to Pams (IJlS). 
prefer to ovijiosit in fields of oats, barley, wlaait. iimotliv. or sod. lather 
than in tho.se where there are good eatelii' ol clover and alfalfa jU’ "ht'>c 
there arc cultir'atcd crops such as corn and iicatis. In weslciir ' 

a cdiimioii rotation is oiu^ of wheat, i lo\cr. and bc.iii'. It. ur this - 
Verk rotation, tlie beetles aic abiii'daiit diiruig the year when a helU ts 
in will', at. there ma\ l>c man.v small larvae jiicscnt the next ,\i.u. >u 
since tlie grubs do not .seriously damage clorcr. the cioj) then s*'''"''’'’ 
llin.v might easily escaiH- notice. \s iicitlicr clover nor '’'‘■‘1''' ' 
Iractivc to the iH'ctle for oviposit ion. it is evident that wltcn this to a i 
iWollowcd. little damage from the grul.s diould l>e eNpenenced m 
New loik. Serious intVstat ions of the grtib occur onl.\ " an ■ 

land III' a cnip of one of the .small grains, siicli as barle.r. o.it-'. oi w u . 
loliowcd the next year by lieans. 


Till; UO.'^K CltAl l.ll 

{ Miicnnliicltilii.< ,s(/h'7ioi(i.''i(.s l ab.' ^ 

!n 'he summer of 1017. iM'aiis in many p.irls ot New 'i I 

die ros,. chafer. .l/mToduf/.v/i/.s- suhspni-Ksu.^ i( 'oleoplci.a. . i.i . ■ 
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Hi'ixirts i)f injury to tho lH>;in crop l>y this insect were received from I'ulton, 
Lewis, Madison, hksex, an<l Warren (’ounties. Tla* iirincipal injun 
results from the active fce<linn of the lonn-le^Hcd, uniyish hrown, a<luit 
iK'ctles, which have Ihmmi rejxtrtcd as (h'stroyiuK much as 40 pci- ccit 
of the It'avcs. Injury from this |>est in 1917 was r(“[)orted hetwccii June 
28 and August 2. 

On grajx's, a spray of arsimate of h'ad (4 pounds of paste to oO galldiis 
of water or honh'aux mixtun', with tiu' addititni of 2 gallon^ of clica)! 
mola.>i.<4\s) is >aid to Im- the most effective method of control. Tliis ^houhi 
control th(' in.<ect on l>cans also. 'I’hc spray must lx- applical thoroly a> 
soon as the fii'st U'ctles are seen, and relocated if rains wash off the first 
tipplii'ation. laverv leaf should lx- covered, and as a n<-w growth dcvclcps 
tills also should lx* coat<‘d with the spray. 


TllK .SOI THKIIN 1U)«>T\V()1{.\I 

i J}nthnitirii liuifiiciinpttHctdhi I'ah. t 

The small, yellowish green Ix-ct le ( Plate L.WI. 7) known in the Soul hie 
the ,sout hern corn root worm, rimi)iirirtnta<( 'olcoptcra.t 'hn>- 

omelifiae), and .'ometimes c;dlcd the twclvc-s|x)tted tispiinigus hectic, i' 
occasioniill V jircssmt in sm.all numlxTs on Ixains in New \ ork hi lOh 
it w:is reixirfcd to lx- ejmsing .••onic injury to the leaves. I he ptii'etit 
iiiN'ct is a gciicnil feeder tiiitl may lx- found on many cultivated <ri)|s 
as well as on weeds that occur in and around liehls and gardens 

In till' South the larvtu- feed underground on corn and caii.se iniiiicn>r 
lossr-s hv killing the developing hud. I’he iiisi’cts luive ix'eii found titlai'k- 
ing the roofs of Ix'ans in New ^ork. lait there have Ix'cii so few of tliein 
presi-nt that the damage to this crop ha.- Ix-eii negligible. I he lecduift 
of the (larent Ixa-tle on the foliage nia\’ lx- controlled by a spia\ ol ai'Ciiati 
of lead. 2 pounds of pa.-te to -V) gallon" of water. 


TIIK HK.\N I.KAK HKKTI.K 
I ( t riitiitnn Irif iivr'iitti I'orster) 

l•iach Near a few ."|x-cimens of the Ix-an Ic.af Ix’etle. ( nyl'iina 
it 'oleoplera. ( 'hrv"omelidae I, have Ix-en found on Ix-aii." in I'c- 
Vork, but tla-y have not Ix-eti jiresmit in "uflicienl nunilx'i" I" 
prcciable damage. 'I he pan-iit Ixetle (Plate LX XI. 9t i‘^ al'oui 
of an inch iti length, titid i" yellowish in color, with a black 
black markings on the wing covcis. 

d'he Ix’an leaf Ix-etle has lx-*-ii fouml on Ixains from .July iiiiH ’ 
(►f S«‘i)tenilxT. It has Ix-eii noticed also on ragweed ainl lija 
growing in Ixuin field", and on carrot tojis near bv. P'l' > ' ' 
ixaliuts, aixl Ixggarweed are likewisi' rcjMirtcd as hosts. 
tic in.s«‘ct ajifxuirs in parts of this uiul other Stall's, dc."tio'ui„ 
ganlen iK’atis, sovIhmiiis, and cowjwas by fi-eding on the le.iv 


h ifii't'iilil 

li'in 

r.iil'c iiP" 


I il|C-I 
lic.-id lll"^ 

lie lllldill'' 
..,|imricis 

,io r. I"’!-' 

iiiicrv;d^ 
held :i"'> 
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When control nic'jisurcs an* nccc'ssary, a 
pounds of pa-sto to 50 gallons of water, applied 
will suffice. 


spray of arsenate of lead, 2 
when the beet le.s first appear. 


THE APPLE LEAF HOPPER 
(KmpodHCd ni'ili LeB.^'l 

The apple l(*af hopper, Junpotisrn inali (Heiniptera. Cicadcllidae (Plate 
LXXI, 4), hius at tinu's l)(‘t*n found in small numbers on field beans at 
PeriA', but th(' insects have* not Ix'en connected with anv deformation of the 
plant. In .some parts of tin* State, particularly nc*ar Lake Ontario, where 
p('a beans aia* urown, this in.s(>ct has l)een more plentiful, and it has seemed 
probable that bean mo.saic. a destnn-tive disease of pea beans, may be 
transmitted by this pest, d his disea.sf*, however, which niay be recog^ 
nized by a curling of tin* h'aves and the appeai'ance of mottled light-and- 
dark areas on the foliage, has b(*<>n known to occur and spread when leaf 
hoppers were not pre.sent. 

Dr. Robert Matln'son, working in conjunction with Dr. Donald Reddick, 
of the Departnu'nt of Botany at Cornell Pniversity. found that he could 
product* a curling of the t(>av(*s of pt'a bean plants when leaf hoppers trans- 
ferred from infest<*(l beans wert* cagt*d ov(*r h(*alrhy plants. These plants 
later outgrew the curling, however, and mo.saic tiid not develop, and so 
the experimental (*vidence would tend to .show that the disease is not 
carried by E. inali. Furtht'r t(*st.s must be made before a definite state- 
ment can be ^fiven. 


(:r.\.ssh<)PPKR.s 

( ^felano|llll.'< atlanti.'i Riley, M. femur-, nbruin DeGeer, and 
.1/. biriltdlim Sa} l 

Bt'iin fields with a bord<*r of gra.ss and wi'etls, or adjoining meadows or 
pasturt's, art* t)ften att:icki'tl by grasshoppers. Xb'arly every year a few 
lit)t)rly-cared-for fields hiivt* .sht>wn .some injury. Three specimens of 
grassht)iip(*rs htivt* lH*t*n mainly blaniiiblt* fttr the work — Melnnophm 
utlunli.'t. M. femur-rulinnn, ;intl .if. birittatim (i)rthoptera. .\criilitlac). The 
eggs of thi* insects have often Iteen tdiinil in fence corners or in the st)il 
hortler t)f fields, and many newly halclu*tl nyini)hs have been taken in these 
places during May anti .hint*. The lieans near the etlges of fields ustmlly 
>ulfer the mt)st ; in fact, it is not tmusual tti finti tin* pkmts ot the first tew 
lows riihiled by tin* jK*st.s, whilt* tht* central p;u't ol tlu* fit'ltl is unhaimetl. 


CiritiKS TO BE.WS IN' THE ROD. OAfSED HV HEMI I’TEHOl S IXSECT.S 
^ ■^'lelpbocaru.s rapidim Say. Eu.'^chistus vn 'lolun u.‘< Palisot de Beam ois, 

Et/U ><•''' p>’dten!<f< 1..1 

During the pjust four yi*ars the Cornell I’niversity .Vgricultural Lxpeii- 

""'id Station h.as received many .samples t>f beans slmwing tlt'torm.i ions 

liy K, n UiiM, 
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which v:u'i(Hl from circular dcpi-c-sst'd ari'as, ('a<'li witli a dark spot m the 
center, to rafipt'd holes, with tlie hean coat l>adl\' riiptun'd (Plate l.XXl, 
2. atnl fitr. 100, P.). 'i'hi' lerin i/ii/iphs has heeii applit'd to these >( ai-. 
Since the.sc' inarkin»:s i)(\ar a sirontr rcseuihlance to heiiiipterous piiiictmvs 
on other j)lants, spc-ciineiis of the dusk\' pkint laifr, Adtlphocuni.-^ nip^di.- 
'Hu;. 101 I. one of the coiniiionest inirids in westi’iii Xew \ ork hean fielil,. 



were ea^ed o\er a potteii hean |)lam 
on .\ueiisl h"), lOIN. W hen exanmiid 
oti .''epli'lllher 1, the pod'' on llis 
pl.'inl \\ere niis.''liapen and eeveinl 
with dark, raised. warl-Iiki' aie:i' 

I fie. 100. .\i. '1 he ■■'ced in I he'e piiil' 

>ho\\ed l■\l<|ence of diinplinu;. 

In the 'iiiiuner of 10 Iff an efferi 
\\a> iinnh' to verify this oli.'ei \ .'itiuii 
;ind to find other in.'^ecl" ilial nuiilit 
li.'iM' a 'hate in the work, (in Vusiii't 

II a (■.•l)ie eolitainiim -1 I n pnln' Wd' 
pl.'iced ov er t U o heall |)Ia III t he peih 
of W hieh NSel'e 'I ||I nieen. W’ileli lln'S' 
were e\ainine(l on .\iit;U'l 2''. imi't nt 
the hean- Wi'l’e dimpled ( llle llilll- 
dreil pods pickeil near ihe e.'iue I'lill- 
I, lined onl.\' one dimpled 'eed 

'Idle feedintf of .1 in- 

iplently produees Sileh laiiiled. ill'- 
eohdi d marks on the iH'an 'eed ih.it 


It wmiM seem that the 
adiliiioii to reiiio\ in^; jnn i 
lieail. Iiossliil^ .secretes a 
a< t' on the Ih'.-iii tis.'in-' 


lll'erl. m 

>' 1 1 ( ml I 111' 
toxin llrif 
riie iialiiiv 


THU I)I ->KT I'l VST 111 O. Md 1. 
PHOI <|R1 s RM IIil s 


ami the s.ihse,,Me,ii ,:iouii, 
injured (larf produees il 
Hearis the pods of whieli are .~till nieen tho iie.arlv matiiie. ti n 
the most. In addition to feedir.j;; on the pods, lhein~ecl atia' 
hlossom.s, the le,'iv» s, and the stalks, hut on these no .seiioU' 


,1 ti„ I..,,, 
I {M f Hr . 1,' »t I 111 


<*f tlii’ i*' " 

eiieed li,\’ the stane ol de\ i li'pl"' 
of tlie pod at the time ot the ■i"'" ' 
The .seed i' stimted wliell p'lMiilliei . 


.ll'ii '111' 

.iiiiati"" 


.-s'erns tf* result. ^ ,|i,' 

It is not alwa.ys ea.sy to distinguish, hy their oiilv'ard app' i ' |,|||jrli- 
[hmI.h that contain dinpded t«’ans. ddie pod.s may !»' free liem ' ^ I 

cried hrowti area.s and sfill contaiti injured Ireaiis. ■''ome liao 


Ivs,, TS AXU Othkh Ax.ma,. lvn-KH.r> to F.kld Bkav. im 

p:z'Zp,,p:lz s 

tiu. UavM I^ ant I.UK ih.jus .raU, . S;,«-inu.ns of 
nuinlmms^ plana with hoans on August 10 ha,l ,,n,ducf.,l small pits on 
thHi. .v .Soptcnilx.r S. \v.npl.s. an.l adults of L,,^y. praUn.h Wt wPh a 
plant tor nuu>l<>on days also prodtnrd stual! dimples. Su.iilar work of lias 
insect \\as rcporfud from MicliiKan somo years aym. During late summer 
<"fi‘''la;r WMI, the apple leaf l.opper i/v.ywsru nmh). 
Iiave lieell fouml 111 the held with their heaks inserted in the pods 
cNperimelits seimi to show, however, that the l.eak of the leaf hopper is too 
s mrt to penetrate the pod am! injure the heans witliin. fn the summer of 
l((i(h t.iese expm'imems were repeated and ilie injuries from the inseets 
neie of ttii' saiiU' kind as had keen e.aused ky iliem the jtrecediiig year. 

Ilie e.vteiit of the d im t^e eausisl hy tin's- pesfs is not fireat. but each 
M'ur there are a few keau« of this kiml in the produi't of almost all fields 
.uni trardeiis. fnjurv is (-specially imtici-ahle in places whi-re ra,awecd and 
aiiih s-,,„art(-rs are allowed to firow. The most distiymred of the field 
I'cans are ilisearded. with the diseasi-d ainl immature seed, when thev are 
))icked and {{raded in the wan-house. 


Id!-: Kdr.k OF INSKCTS IK THK Tlt.W.sMISSIoK OF BK.iK DISF..\SES 

[lean diseasi-s freiiueutly sprea-l thru a liehl with yreal rajiidii.v. and it 
minetiiues appears as tlio this spread miijlii lx- due to. or at least hastened 
1} . tile pivseiicc insects, jn cooperation with Dr. \V. H. Burkholder, 
" t ic J)(-parlmcut of i’laiit Patlioloiry at Cornell I'niversiiy. exjterinu-nts 
"eie cunducteii in t h(- summer of litl.S in an effort to determine what insects 
'O'le iiistruiueutal in the spread of the hai-tc-rial hlicht of heans (caused by 
plmsi'oli la, h'. .Smith). 

"It .'umust 22. i'.lkS. eiyrlil sp(‘eimen.s of e.-U'li of tlie eoiiinioiier in.si-cts 
j’" 'I'.aii loliane, iiieludiutf tin- n'd-lieacled Ilea beetle (Ni/.di im f/oiitidi.sl. 
" 'hisky plant lnis>; iAiUlpliocnnis /(i/m/ii.vn tlie apple leaf hopjter 
liiiiixni niidi), ami till- nine-spotted lady iniii (('eccnc/fu nornnuolatii'i. 
nilil)(-d n a virulent cullure of the lilitjht organism or allowed to 
joi an hour on ki-mi h-aves sme.-ired with the culture. The insects 
•hen placed in si-parafe (h-ld eatres ili.ir. lOll. D, paste llUti' on vanelies 
‘Uis Iree troiii klijrhl kilt siiseej)tik|e to it. .Vs a check. iiisecC ol the 
m. '’'l’'‘''"‘•''■■.''''ll"cte^! in th(-s:mi(- field but not treated with the pat liocene, 
'!'■ p ae(-(i in similar catti-s. Mlijthl did nm devcloj) in any of the cases. 
(Ill " •'^‘iiue s[K-ei(-s of insi'cts that Wi-re used in HUS. and lu addition 

. 'Ums|i(>(| pinnt kujr ([,yifiis prill* ilsi '<) , Wi'ia- used m tile eXpcriuK'Uts, 

■u I 'yon- taki'ii from a .seven-lv -kliijlited held o! ri d kidiu-y beaus, 

h I ki'iiifr (■ajr(>d for .some time with lln-se diseased 'ilaiits tltev were 


' /', 111 

U cri 


Wi 


■imir 
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plaood in tinhl cast's with hnans fnv from th(‘ discasi'. lilifjht did not 
appear in any of the cajjt's. 

In examining lu'an simhI punctured by Ailt I i>hoconi.s r<ii)i(liis. l)i'. 
hoUler has fouiul nndetermiin'd bacteria present in larjie nmnlicis. It 
would seem, thend'ore. that tins common suckinfi insect minht lie capal)!!' 
of transmitting; the or>'anism tliat causes bean l)linht, but niii'-i of jli,. 
eviiience thus far obtained is nenativ**. 

It is unusual to find .1. rup/z/i/s present in sufhcient nuiulu'i' to Iw 
th(‘ sole aijent in tlie spread of blight. I’lie writer >till tiad' that tlif 
commoner Li/ijus i)r(iti nxis may sometimes carry the disease a' it 
from plant to plant in search of lood. and liirther experiment' should ba 
carried on with K in j/oa-'^ai nnili before it is safe to say that tins speiiis !■; 
not partiallv blaniable lor the siiread ol the bhjiht orfitinism. Plant her 
have Imm'II found but rarely on b<-ans in N'lav York, and never in qiiaiitini'- 
that would justify placint' much blame on them. 

Dr. Rolwrt Matheson. working in conjunction with Dr. Doiiahl Poaldnk. 
of the Department of Rotany at ( ‘ornell I'niveisity. found that lie iduM 
transfer Ixain mosaic, the causal ornaiiisin ol which luis not been i-olaied. 
from one Iwan plant to another li\' means ot an undetermined plant loii'e. 
but that K in piMi iintli. Li/jn'< in'ith ii'it''. Si/sti nii huili^diiiU'. Stpliim 
froiitali'i. h’ljitnjr rnnant n.-<, -.iml Ti tiiiiiii''hii.'< Itlnnn.--, .seemed unable to 
tninsniit the di.-s'a.se. 
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HIHM()(iIiAI>ilV A\l) I.ITKltATl lU; f'lTKD 
(Hi/lrmi/in rilicriini i 

ViDiiK ii. .1- M- A ("ilaloniic of Xoitli Aiiicrica Diptcra. Smith>ii. 
hist. Misc. coll. 46 no. 1144 I ((.St). ' Kcfcrcncc on p. .').■)().) 190,"). 

Hiblioitnipliy. 

Bkuoeh. M. W. fiisrio ps 7 a-\\ Ik Report of tlic cntoinolofjist. 

Florida Afir. Kxp. Sta. Ih'pt. IWX lx-l.\ili. 19()S. 

Hl^(KMAn, AI. w., AM) Sta<.k. Hakhv H. Notes on insi'cts bred from 
the bark and wood of the .\nierican larch. New York State ('oil. 
Forestry (Syracuse I'niv.). 'Feidi. bill. 10 O il.). (RefiTcnee on p. 3S.) * 
191S. 

Hhvnfk hwvitK.M k. The ,'«‘ed-<-orn ina-rtiot. In Report of the ento- 
niolofiist. Nebra.-ka State Bd. .\irr. Rept. 242 243. 1910. 

(lood (liM'iLssion of work on corn 


( 'uriTENDEV, !•'. H. 'File s<‘<’d-eorn inat'a"! ■ /// Some in-cets injurious to 

vesietalile crops. 1. S. l-.nt. l)iv. Bui .FI b’t 92. 1902. 

(Io(k 1 sumimiry of work to ihite 

'File seed-corn inantiot. In .\ bni't account ot the principal in^et•t 

enemies of th(‘ su^c.ar In'ct . 1'. S. l-.nt. Div. Hub 4,1 OS- B). , •. 

.\o-ount of work on su^nr beet.- 


The seed-corn nmutiot. 
cucumbers, and related crop.'. 


Ik Some iii'ccts npurious to cablniKm 
Virirnmi Tim k Kx)). >0b lYil. 2 ,14-30. 


1909. 


brief account. 

.\ now western root-matilf<'' ■ I" .Mi'ccdaniaius noti. on tiu 
Clop insects. I . S. Ihit. Bur. Bui. tlti 93 90. 1910. 

I'tiiiihin jildnipalptfi, llu* wfs{<Tn 

On the distribution of Mu' iinjx'itcii cal'basie and onii n ma^p 
■lomn, econ. ('iit. 9:.")7I. 1!1M>. 

fhilrini/ja cilicrura n'plHciiiK in tho 

'IbKKKsoN K. I,. Hoot nmuKots. In report ot the ' 

■I' i.M.y State Agr. Fxp. Sta. Rept. 30 t 1901t):3Sl > 

l.ilc-hi.story notes. 

Asa. The deceiving wheat Hy. /» ',7 

c noxious, benefici.-d, tind other in.'^ec'-s. ot tb< ' 

391. IS.hC), 

1 irst report of tliis fly in the FniiOit States. 
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Fi.ktchkk, Jamks. Iiist'cls injurious to >;iaiu and foddiT croijs. roiii ciups, 
and vo^('tald('s. (’anada Agr. Dept., ('(Mitral I'ApiMiiiKMital I'anu, 
Bui. d2;.V -tS. (Hi'tVrtMico on p. dt d(i.) 100.'). 

C’rood acodunt. 

(!akma.\. H. lu'i'cts injurious to caOdafic. Iv(Mitut'k\' .\di . i ,\|i, Sia, 
Hul. 114 1.') 47. ( l{(‘f<M(Mic<‘ on p. I-') 40.) 1001. 

Note (in host.i 

tiiBsON', .Vhthi li. .i\i) ruKiiKit.VK. H. ( '. 1 lie caldianc root niairudi ainl 

it.s ('ontrol in ( anada. (‘anada I1'‘P*-. I'.nt. Branch. Hul. 12 

d2 d.M. 1010. 

(!i)o«l .Accdunt. 

Hkvoi-kk. I'lioM \s .1. Root inainioi' In Rcpoit ot till' cnioiiiuliiai't 
X('\v .Icr.st'v State .\f;r. l-lxp. Sta. Kept . .14 i 1012) ’ HO l.iO. Il)l >. 

Kxpt ntnciital tr,'t.a ait.im.-t tiuiwl.* 

. . - Bean nuujirot . In Repoii ot i he I )eparl iiieiil ol l .iitoiiioiotiv . N' " 

.Ji-r.-ex' .''fat(' .\irr. 11\[). Sla. Repi .10 ' 101 <). R).> 10/. 10 IS. 

H\p*Tiiii<'iit;)l tc.-t-.i dll omlri'l 

- - I iina hean luajinol. In Repoil of the 1 )epai tnii'iil ot l.iitniiiiilcs!) 

Xew .Iers..y State A^r. Kxp St. a. Rept. 40 i 1010' 147 1 12. 1021). 

Howaki). 1,. <). Coinpleled life-historv of the sU>iar-l wcli-unnii 

In^eet life 6 400 474. ISOI. 

.\ eonirihution to the .'tiidx' ot theiieed launa of human c\i II III' I'l 
Washington .Vea.l, Sei. Rroe. 2 I I OIMt. ' Referelie.' on p .'S I I 

Nut/'. 

Howirr, .1. K. The l>e.an mantioi in (tni.ario in 1010. I'.nt, ''"I" 
Re|)f. 41 ( 101(») .'.0 .'lO. 1011. 

(roori pap4T 

.Ia/k, .Ioii.v (i. Xotc' of |s.s.') on injurious and "il"' """""" 

in-eet.s. ( 'an. eld 10 '21 2.>. |Ss 0 . 

Orir-f arcuiint. , 

1 ■ Si 1 Hill- 

.Ion W.NSK.X, < ). .\. In.seet nole.s for 1010. .Maine .Xnr. I .sp 
1S7 I 24. ( Reference on p. •')(»■ ) 1011. 

, , kl'T.'"''' 

KoKSAfTlf, K. Berieht iils-f die 4'atiKkeit der k. *<• y''"" " /pcln 
Bflanzepschiit zst at i/iti in Wien ini .lahre 1010. (.4 's "/( 

PHanzenkrank. 2S 214 211. lOJH.) 1010. 

B/ivfi.s attai'kol m .Muravm l>y I’hmliin InrluHlnrlyln. 



Jnskcts AM' Otiiku Animal Pksts I.\.n iuou.s to I'iell Bean.s 1027 

Lim\e«, .1. A. llio scod-coni fiy. In First annual rnport on the inju- 
rious and other insects of tin* State (jf Xew York, p. 199-201. 1882 a 

Tli(' d('ceptive \vli('at-fly. /a Same. p. 201 202. lN82b. 

Uricf bibliop-iiptiy. 

Lroonu, Orro. 'I'he hean-fly. In ^'ir■<l amiind report of tlu> entcaiiolo- 
fri>,t. Minnesota Anr. Fx]). Sta. Ih'pt . 1 i ISO.')) ' 1 1 1-1 1 i. 1890. 

('rood paper. 

Mallocii, ,1. II. I)eseri|)t ioii'- ol Diptera ot ilic families Anthomyiidae 
and S(‘atophatri<lae. ( )liio journ. sci. 20. 27.1 -274. 1920. 

( lUEHSTEiN, [().]. ( 'h(i/ t(iplitlii rilici nrn and Tlurtrn sp.. pests on lye in 

Sih'sia, (Icu'inany. Ztselir. Pfianzcnkrank. 26 277-280. [Abstracted in 
Internat. ri'v. sei. and pr:o l . ,it;r. 7 1.').'>S ].').')9. 1910.) 1916. 

.Vccouiit of atlaek.s on >onMH r.M- and i-orn 

Phiirr. H. n. Seed-corn nuteftol. In Iii'ccts of field crops. Michigan 
.Vitr. F.\|). Sta. Hid. 2.')8 .HO ;17. 1910. 

brief arcount . 

\i viANCE, L.. \\i) ,Ik\m;, F. F. The plum eureulio. F. S. Fat 
Hur. Huh lO.H I 2.')(l. i Kefeicn.'.' on p. I.Hl . ' 1912. 

.\eeoatit of work in d('i'ayiMi; plum.... 

hull. I,. I )ie tierisehen leindi'. flandhueli der Ptianzimkrankhf'iteii 
(Soi'auer), 3 . 1 774. ( Hefenmee on p. 127.) I91H. 

(Vee(ii/)/ipri cdutuiii .and (' ■ n < jis diM u>>ed. 

Ihi.i.v, ( 'n,\iiEKs y. The .'.eed-eorn maggot. In .Vnniial reiiort ot tlu' 
uisi'cts of issonri. I l.Hl l.HO. ISO!*. 

-\i‘couiit t)f work in corn. 

I’hi' .\nl lioinyia egg-parasite [ A nlbonijiia aniiiistijrons. Meigeii). 
In first annual report of the F. S. Fntoinoiogical ( 'ominission for the 
.''■ar 1,S77 relating to the Hoeky Mountain locust, p. 28.) 289. L. 8. 
Feol. Surv. 1S7S. 

b'cunnt of p;ira.si(e ft.ediiig on locust cgg..^. 

'!'‘/i:\tA Hos, . 1 . Tierisehe Seliiidlinge und Niitzlinge fur .'Lckerbau, 
'^I' li/aicht, Wald- iind Cartenhau. |>. I -S70. fRcfenmce on p. 620.j 
1890. 

9rii.f aerount. 

'‘"'K'N’I, ('amuxo. Soc. Ital. Sci. Nat. .ktli 0 Km. 1866. 
description of Ilt/hinijw nlicrurif. 
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ScuoKNK, \V. .1. 'I'lu' (‘conniiiic status of tlic M'cil-coni majifiol . .Iiiiim 
ocon. ('lit. 9: 1151 i;5;5. lOKi. 

Ciooil papt'r. 

Sli.nckiu.am). M. \’. 'I’lic <-al>l>a<i(' lool iiianndl. New ^'ork '(■niiiilj 
Afir. I'Ap. Sta. Bill. 7S 170 7)77. ( Hcfcrciu-c on p. 400 oO'i.i IsOt 

Ciood paper 

Smi'I'h . John 15. Boot inajrfiol ol m-ia at ion.". ! n Bciiort of tlic ( iitoiiiiil. 
ogi."t X('w .l('is('V State .\(ir. I'Ap. Sta. B’cpt. .51 (lOlOi .i."):; .Ia 
1011 . 

Lifo-hi.-tory not*-s 

Stein, I*. Die .Vnthoinvidcn luiiopa.". .\nli. Naluiv:i"'i‘li. SI I'.Mi 
.Vht. A' ' 1 224. ( Bi'l'cn'iice on p. 1(')7.' lOlli. 

Systematic account. 

I'l- cKER, I'.. S. Relation ol tli.e eoinnioii root lna^f^ot { <i<)nii/iii Ju^rn i,~ 
Zott.) to certain crop." in l,oiii."iana .\nier. .\.""n. I'ieon. linl .Iii 1 i 1 !l 
10 307 40t). 1017. 

Hi/linuii'i rihrmru alt le loiiK t'liiianx'. 

WilEl-A.N. Do.v 15. 'I'lie l)ean-ina>:n'>t in 1!H.'). .MieliiKan ( "II I xp. 
Sfa. ('ire. 2S 1 1. lOlti. 

flood paper. 

ZkTTER."! EDT. .loilANNE \V| Ml EI..MO. Dlptei a SeaiU li liax iae 4 1 .ViJ I''! ' 

Orieiiial de.si ripniiii of ,l elAom//,./ /v-<ic< /m 


' .[‘ii'nihriiii.r (O/M I • 

.\.No.N v.MoT.s ijii'oliaMv I '. \'. TheoKalil I. Sliii;" and -nail" I'”! 
and I'i."lierie" jLornlon;. Leaflet 1.5'2 I ti lOl)."). 

Field (fray ."Inif ' I.imnx mpi-ht ( loial paia r on eoiitrnl 

Bakeii, Fk.\nk ( '. riie iiiollux an fauna of we.-tern .New 'I ork d"i'l 
Sei. St. I.oiii.". 'I’raiis. 8 81. ISOS. 

Agrvthmfix fu/Tf-yfiM frii'nti«me<I. 

• - The .Mollu."ea of the ( 'hieaKo aiea: ( la.-f ropoda. ( Iii' .e-" 

Sei., Xat. Hi."f. .Siirv. Bui 3 137 410. t Refereiiee on ji 

1002 , 

(Jenefa f.imax arul Ajcrinlirnax 

- A mollil.-ik ilijuriouh to maniell venetahles. Seieliee, n. 

loif). ■ 

Note on Agrioiimnx ngrrHlDi. 
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A inollusciin siirdt'ii pt'st. Schmu-c, n. s. 47,891-392. 1918 

N'otf on Agriolimax ayresiis. 

IAxks, Xatuax. 'riic Ac.iriii i or niitf-;. S. A<ir. Di'pt, Ropt. 108 
I l.)8. ( R('f(>n'nc<‘ oil p. 22.) 191.'). 

M(*nfi«>n of inito found (in f jiniix 

Binxey. A.mo.s. l.nnux minsli.s. MiiMcr. h, T(‘ric<t ri;il air-broiithine 
iiiollu.'^k,'^ of the Tniti'd Stales. 2 8ti 10. IN.ll. 

Liinii agrestic occurriim in Atl;iiiti<' Co^t citu-i 

Binxey, W. (1. .V manual of American Ian 1 sli ‘11s. U. S. Xat. Mus. Bui 
2S 9 .128. ( Ref(‘r(‘nees on p. 282 298. 4.18 l.lti.) ISS.l. 

(Ill sluj;-!. 

Binxey. \\ . (<., .ynd Hi. and, I'momy-s. Lniuir iiijrcxiis. Linn. In Lanil and 
tresh water .shells of X’orth .Vmeriea. Sinitlisn. Inst. Misc, .coll. 
8 no. 191 ()8 ().l. 18(59. 

Liiiiax ngrtsdn lirirfiy treated 

Bi.\xi), '1’., AXi) Hixxky. \V. < I. 'r.‘rr.‘strnl :rr-'r- ■ it'iini' niilltn's. 
-Mils. Compt, Aiiat. and Zool. Bui. 4 .1. 1S7.8. 

<1(|(h 1 paper. 

IlinncAUT. M. Inseetieid(‘s, funjiKades. and wea.lkillors. p. v-xxxv and 
1 481. ('rriuislat ion li\' D.niald tlr.int.i i Reftnoiu'cs on p. 147, 157, 
220,889.881.) 1918. 

('eiitrol data 

hliiTToN, \V. I'l. In.seet <;iieiiiies of the lolsiceo crop in ( 'onm'et iiait. In 
Repiii't ()j til,, state entoniolo.ui'-t . (i 2ti ) 279 i HeteiY'nci' on p. 277.) 
19110 . 

Data on contnil liv ar.-eiiical spno.- 

Il'HNE.s, MsriiEK F. The lualul.ilion and fiMl iliz it ion of the eee of 
l-i inii.r tKjrcsli.f (Linin’), .loui'i;. niorpholoav R> 291 280. 1S99. 

Deed paper on (lie de\ elepnieiit of (lie eirir 

\i(i’i:vTEa, (Ieorck U The Ih'ld slutr. In Inimious insiads and other 
‘)''")ials ohserved in liehind ilurin.t: the .veir iOO.l. Roy. nuhliii Sue. 
pfoe. 1 : 82(5 828. 190(5. 

Drs controlled liv du.st.s of sail, or lime. 

‘'''KitRELE, T. I). A. A cheek list of the slues. (With apiiendix hy 
■ i'e ( ollinge.) ( kuiehologist, 2 17-1 Id*. 1898. 

^'I’li'hinnx ngre^lin (jiven with ttiir(.v-fi\e sMion.vm.s. 



1030 


I. M. IIawlky 


C'ooKK, A. H. The t'aiiiOiuifiP iialural historv. 3:l-o3.a. ( licicivm.,,, 

on p. 31, 12S. 17o, 179. 193, 211. 217, 2, S3, 324.) 1X9.3. 

lull fiocount of h.ihits of common specie;!. 

rRosBV, CvKi s U.. AN’i) Lkon’.akd. Moutimkk D. Sluos. [it Manual oi 
vt'gptabl('-}i:anl('n insoct.s. p. 3.34 .3.37. 191S. 

\\ ell-illustra^'d ihm^ouiU of AgriftHniax tujutlis. 

Dk K.w. .I.\.\ik.s M. [jinti.r iniristis. In \aliiral his('ii\- of Xcvv 

5-20-21. 1,S43. 

Lirna^ a^u.'li< licscnlx il 

Dki. ( li'KKoio, (ii AcoMo. < fs'.crvazii tiii nitiirali siillc laitii iclu' iln l aiiipi 
(' sullf* \ari(‘ (‘.spiM-ii'iizc latte per alloiit anarle <l:ille piaiite !■ pa ili-- 
trufifjerle. 1{. Sta/,. Miit. I•'irell/.l^ Xiio\-e relax., ser. 1' 237 2ii‘, 

19(K). 

Many ^'\p^nm»*nt.*< n ronlrtl WhittM ait iuni hyiln>\ulr •'■iul tob«'l)r*«! !nr ( iiii ri! 

Dixo.v, D. H. ( 'aniivoroiis sliiti'!. < iard. i4iroM.. .•<er. .3, 22 3 Is is'jr 

.■'lugs catiiie I'arthworm-. iilivc 

FitWK, .\Hrtti it. ( oiitiol of Rarili'ii ilis|.a<e< .ainl iiiM-cts. W.i'liiiiuia'i 
.\^r. Kxp. .Sta. .Monthly lull. P ,3S II. lOls. 

f^'ontrol t»y (lusts of Iitiu*. lu*ll( l)or«*. or i»f Ic.id 

.\. B. .Sillers:. Ill ( IreenlloIlM' pi’Sts of .\I a I'vla IH I. 

.\>rr. Kxp. Sta. Bill. 119 22 21. l'.)07. 

Lrmnx mnmnui fhc cnmmoti slug, ipo nihi.r li.avi' l>ci‘ii foiiiui Siini;' 

for control. 

(Itn.sov, .\i('i licit. Sii.iiK .-iinl 'IiiH' In ( oiiiiiion j^anlt'ii in'i ''' 
t heir eoiit nil. ( '.-inaila ,\t;r. Dept. ('ire. 9 ID. 1917. 

.''OtfXestion.a for i-oiilrol 

< lot i.n, -Vrot sn s ,\. Beporl on Invei teln.ita of Ma.s'achmM O- p I ''' 

( Keferenee on |». ID7 fID.I l■S70. 

ficscnpliori of I.iiii.'ix. iiml species .\'i> mhiiins </n oikI .1 niinin 

(IcK.N ACx, ( Ikokok.'!. l,e.s liinai'e.s. Ill Fnloinolonii’ I't pn I'lt"!"!:" 
afjticole;!, p. 91 9.'1. 1901. 

f.V>nfrol by quick lifno, Hn«l ‘»nw<lii.st. 

• ) I V 

KiNti.iLKY', .John S. .Moihise'. In .Standard natural hi.'!lor,\. I 
( Roferenei' fin [>. 317 319.) I.S.S,3. 

The importcii Aiiriohmiii iif/rinti.i now common with nnlivc ,1. rnmpi'ylii' 

Kofciii). ( '. A. < )ii the early develo|)m('nl of I.imax. Ilarvai ' * 

.Mii.h. f'oiii[). Zodl. Bill. 27:3.3 IIS. IS9.3. 

(IckhI paper on tin- cmliryoloKi'-al «lcvc|opmi'ril of the i-gx if .\i/n"li'>i<"' ' 
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»' «ppi. i»i. 

AgrioUmax agrc.tU feeding on proglottides of sheep tapenvorn,. 

LiN^rs,('. vov. Sysfon, a naturae, lOtl.e.!.,! ( Reference on p. 652.) 

Origirnvl de.scription of AgrAiUmnx ngt.^h-. 

Imr.rr. A T.. The (.ar,!,... slug, o.-egu,, Aur. ('oil. Rv,, sta Bien 

ciDi) itest and hurt. rept. 1011 12 . 1 14 i4ti, ' ' 

(iood acraiitil, with e\p,.ritiieiils on .■onlrol 

^ - Tite ganlen slu^ ..p.i, /„ lu^eet pe,.t. of truck and garden 

crops. Orejrou .Vki'. IaI. Serv. ( 'oil. hiil. 01 0 10. | 0 ] 3 h. ^ 

(ii){)d paper ofi fontrdj 

^iOlS^ I'Aren-ion news 2«-l. 

No specie,', ineiitioiied, SaggcMion^ for eoierol 

A. H. The oral garden shiy, Oregon Vgr 
' nil. Fxp. N;i. Hul. 170 I ;{(i. 1020, ' - ^ 

I'A'cllent paper, wa|, ,„,iny control e\|„.rin„.|,i, 

• Iaiik, L f, .Mjitui'jdiiiin leeundtition. .-inil segnientatioii of Limnx 

S ],s!s| ^'nllcge. Mn-. Ooinp, Zt.t.1. Bill. 6-173- 

(lood paper on early development 

•I iLi.W.s F, (lest ruct ion de-, |)ai';i.'l|os ilu ■'ol. l.t' progTes tmric. el 

llll'A' 31 '-,;{74 37, s. u\hstnivt,,l n, Rev. appl. eni. 2 iW'd 3()3. ' 1914.1 

■''■•'ig.s killed hv polas.vinin snlfoearlHinale 

-nv. Olio, [useet reiuedie.s. In Toh.-ieeo seed-lieds. I’eniisvlvaniti 
FX]). Stti. Bui. 130 100 101 1 

'Cl'S d.ttnaging tohaeeo. Stigge.slions for lontrol 

^‘^'F'an'ok a. Slugs. /» .V uituiutd of injurious insi'cts. with 

cuiotlsuf preveiititm aud remedy, p. 171 177. ISW. 

/tax agrestiK very injiirion.s on turnips after clover. .•'Ugge.'tions for control. 

In 'll' ^’LAstiow. I(. fiitluenee of sereennio oii ofhei- pests. 

, rtulish luaggol. New ^'<ll•k ((ietieval .ksir. Ia]). Sta. Bui. 

'‘1-714. 1917. 

•a I oilnt of darnagi' jjj aereenitig experiineiil.',. Sirgge'-tioie ter centrei. 
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Peahl. RAA■^ro\I>. A curious habit of the slug, Agrioliiuax. Miiliigan 
Acad. Sci. Ib'jjt. 3:7.v-7(). ltH)2. 

Aifriohmiij cnmpestn.i i-rawling water. 

PE.\iiS()\, It. Hooi'Ku. Slugs and snails. [ n 'I'lif book of gaiclm pisf, 

p. 172 173. l‘)().S. 

.''Uifgc,-;! ions ii:i I'linlriil l>y fcrttllziT-- 

Pit.A iT, H. S. A iitaiuial of I he common invcrlcbi atc ;inim:ds. i I'c-tViviin 
on p. .■j2t) .127.) IDlb. 

Characters of fainily l.iiiiaeiilae, ireniis .\>:rioliiiia\. anil .species ni/ri^.li.i ami . 0 'o» ' 
pven. 

ItAH-LreT, A.. Mtii s.sf. a.M) llE.Mtv. .\. Ivssais sur la propliyl.i\ii‘ .it 
la distoinatoM'. .■soc, Biol. ( I’aris.] ('ompl. rend. 70 12.1 127. lOll 

Sutrite.stion on control |i\ ...tlntion of lime m w.iter 

Hke. I-. Die tieriseheii l-'einile. Handlnieh der Pflanzeiiki aiikliiii'n 
iSonuieri. .? 1 771. i Hel'eretiee on p. til bti.) lOld. 

Co«xl gener.il (ii'ciKM.in of h.ihit'of 'cvcr.il sp.cies. mcliiilmt; A<iii'ihm 'jr irpi -h- I’*.- 

\ennon and i ontr'il 

KiTZKMA Bos. .). Die grtuie .Vcker'chneeke. In Tituische Sell.lilllli!!' 
und Xiitzlinge fur .\ckerb:iu, \'iehzuclil. W ald- iiinl ( I.arleiilian. P 
111)7 700. ISO ). 

Ltmnx nientitiried «illi ottn r -pecii.s 

RtxiEHs. .li i.iA D. M'lie fiehl shig '/-. (n/ft.sO.s, bilin.i. /a 'I'he 'li' H 1'""^' 
|). 2s;i 2M. BIOS. 

Interesting popular ai-coutit 

Smith, Kii\vi\ P. Bjicteri.i in lelation to |)lanl tlise.i.ses. ('aiiiei;!i lie! 
Washington. Pub. 27 2 0 OHS. ' Referenee on p. ;{))! dOtl i bb I 

Af/riolini'ii .•'p fArryirjic hl irk rot «»f cru phvtit.s nu 

'IA^T-oh. .I() 1 (\ W Monograph of the hind ainl freshwatei m 
the British [s|es. 2 1 312. t References on Ji. 3 1 ,12, 101 120.-’-' 

1007. 

, I ( ii'b'l 

Kxf»'l|cril Hiih «}« -scri}>ti<irw. (Ijstnliiition.K. anii hinlnuy Irct’' ‘ 

illu.Ht nations 

'I’ltKDHAldj, PitEij. .Molliisc.a iujiiritius to fartuers and garil' ii' ' 
ogi.st 19,2))1 211. (Reference on p. 20.H 21 1.) l.SO.l. 

ton.s on fon<rf>l. 

— Slugs f bimticiihie) .and sti.ails f llelicid.ae). In \ text-b"' '**' 
ciilfunll zoology, p. 200 273. bSOO. 

(»<hm 1 Miiinniary of life hixtory anil control. 
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Iiijiinous and hciicficial and Miail.'-. lid, A<n-. iLondonl. 

.lunrn. 2:504 ()()2, ().).”) ()5S. 1005. 

.\cc()Uiit.s of all .slan>' 'if KiiRlaiiii, 

\A\n.ov. X. IHiis.'^ian title.) SIii)>:> injuring field and garden crops in 
the n<)V('rnnient of Mos<-()\v. iAI)--'lriidi(l ni Zhui', Ojn-fii. Asii’on. (Russ, 
■loinn. lv\|). Landw.) II'. 715 710. Cital in lAj). sta rec 26 058 
1012 .) 1010 . 

.S^lg(r(■^lio^l.s on control, (Original tiol ^■cn 

\V\ia'oN. ./oiiv. The .Moihisea of' .Monroe ( ouiity. New York. Uoeli- 
('stpf .Vead. Sei. Proe. 2 3 18. ( lO'ferenee on p. S. ) 1805. 

Agnnh/nnx agrfNt).-i, Ltnnis ffnt us, ainl L t/iixituu'- rnciitioncd as imported species. 

WAKBrino.v, Ckcii.. Sn.-iils and shio'. In .^nninil reiiort of the zoologi.st. 
Hny. .Agr. Soe. Piighind. .loiirn. 68 '211. !!t07. 

■Slugs collected at night with ai i of acetx li-ne hicyele light. , 

WAMiHfuN, F. L. Xttked snails, ■•slugs." In Injurious insects of 1904. 
.Minnt'sotti .\gr. Fxp. Sla. Pul. SS iso ksi. 1004. 

Suggestion on control liy solution of hinew.ater or dii't of Iniic. 

Xaked snttils or slugs in cold frames, grt-imhousi'. or gai'deiis. 
.Minnesota in.seet life I ' 1. ittl I . 

8ti(mK on tMintml. 

■ ■ Xako<l >uails or slujts. hi Ki'ixiri oi the oIltoIut'l(^gi^t ol 

•Minnesota. 14 ( 101 1 1‘2) 111. 1012. 

Suggestions on control. 

Wehstkii, F. NI. Note ou the etiriuvoriHis lial>it' of l.iiihi.r I'ltiii itcutnn 
Hinney. In Some ptirtieuhirly destructive insects of Ohio. Ohio Agr. 
IXp. Sta. Mill. tiS .'i.'i 51. IStlti. 

■Account of l.iinai siris feeding on plant Inw. 

Mi.iss. IIahhy M. Slugs tiiid sntiils. In Tlu- move important greenhou.se 
insects. Xew .lersey .\gr. Fxm. Sta. Hul. ‘20ti 3(. lOlli. 

‘''iiKKFsdoiis on control. 

AViliuam H. 'I'lie spoll.al garden slug. F. S. .Vgr. Dept. 

* ■iiiners’ liul. 059: I 8, nns. 

* "10(1 account of Urn ix m iiiiruis. [gn ,luiu r .i /e-di'- iiwnlioned in footuete. 

(.S'i/s/( nil liii iiiiilil ' 

‘ m-K.Y, w. S. .\u illustrated or de.seriptive eamlogueof lliet'oleojV 
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THE INSECT FAUNA OF THE GENUS CRATAEGUS 




'I'lii': ixsi’icr I Ai'XA oj- thi-: (;i;xrs ('hatai:(:i:s 

W.U.IKH II. Wki.I.IIOI SF, 


'I'liis J)a|)cr is Mihiiiittcd a n-.uli ilnvc year.- of study of the insects 
tliat fee(l on the ])Iants 1 leloniiiiii; to the jiemis ( 'rataeirus. The writer’s 
oiiject at the tiiiK" wluui the woi'k wa*^ uiideilak{ai ^vas jtriinardy to learn, 
l)v collect inii ;ind rejiiinyy wli.at insect' occur on the trees of th.is geiuts iri 
ccntitd X<'W 'tork. .\s the interest in tlie work increa'ed, it was decided 
to widen tile field and nia ke the I i't iik ire complete 1 ly including the insect' 
that other worket's ha\'(* found to he caters ot ( 'rataecu>. 

1 here are three older li-t'- oi in'ects lecdiiur on ( 'rataegus which have 
hccn hcl|)fii! in the pre|iaiali<in of the pre'cnt cata'og, Kalttnbach 
dN72i ‘ gi\'e' a li't of Kit I'liiopean 'iiecic', Packard (1.S90) givtes 46 
Aiiiei ican species, and I'eli i I'.ttHii mvc' 2 n .Vnierican '[lecies.. With the ex- 
ception olthc'e three li'i'-, the iiialiaial ii. eluded in tin- iiapcu' is gathered 
tioiii w id^- seatteri'd rt fereiice' and from the writer's ohservations. Since 
lood-plant indice' are \'eiy commonly oimticd from entomological writings, 
It is difficult to get a list <if all the iii'ccts that feed on a jtlant. Such a 
list can ht' (ditaiiietl onl\ hy 'canning the pagi" of a multitude of papers 
'oiitainiiig hiological note' on all orders of iii'i'cts. Mucli of that kind of 
woik has heeii done in the prcpaiation of thi' catalog, lint, since it has 
not hceti possible to see all |)aper' that might contain accotints of insects 
feeding on ('latacgus, the wiiter do-' not claim that hi' list is complete. 

'rile c.atalog contain' .'iSL’ 'pccies, icpresmil mg ft orders and families. 
Ilicy are distributed as follows' 


t' arm.i, 10 ,s|),.|.i,.s 

l''ri(iphyi,i;„. 7 

l’li\ lliiciipti<l:ic 1 

• >H llnplcru, I s|K.,.||.^. 

< irvlli.tu' I 

•’'lelcit.'l, ! sp..clr.s. 

•tgridtlKlllc I 

i i' niipi ( iiicludiiiK I {iiriiiipti'ra ’. Si 

Mindac i Ciip.sidac i IJ 

'I'mnilidac t 

tfciiihr.acidiic , . I 

t ii’ivdcllid.ac (.Jii,s.sid.‘ic I. IS 

t's.vlliiliic (('hcrinid.'MO 7 

•'pl'i'liifac JJ 

t'eiTidiic 17 


C' ' ill t ,,/, f, ( ,f, ,1, i» mi- 


Th.\ .'.iMoptcra, I .'pecics' 


rii: > iiiilac 1 

( ’dlccptcra. 71 'pci'ii'S. 

riatcralai' 4 

Hiipri'.'liil.e ti 

Scaraliacufac 4 

( a 

t'lir.\.'i*fiu'lul;ic 14 

( 'iiri'uliiiiiniai’ tt) 


Ipalac i .'('ol.\ lid ic '. 

.tnlhnliuiac 

Dcrmcstul.ac 

l.cpiiieiitcr.'i. Isl species' 
Papiliiiniiiae 
X\ luphalalae 
I’lerulae 
l.ycaou ilae 
Splimirufae 

1 ( 1 ". 


lOl.l 
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Lepidoptera uonti mud) : 
Saturniulae . 
Arctiidae 
N'oituidae 
N'otixiontidap 
I.yniantnidai' 
I-asiofampida«' . 
(’tf'ometrklaf 
Drppaiiida«“ 

N'nlidap 
Psjohidap . 
i.iinaooiiidap 
Cosaitlae 

SesiidaP > Ai'Ki nidac 

Pvralidap 

Tortriridae 


I-cpidoptera (cunliuued I : 
d VpoiiotiicutulaP 7 

d (Ii'Ipihiidac i; 

‘27 Klachistklaf 

• > (i rai l lari idai' 1 > 

7 ( JlypliiptcryKidac _> 

Ml Xcptii-ulidai' II 

27 (;<iMim)pliTy(ridao ■> 

I l.y<iii<‘t iidac I 

1 Diptcra. Id »|K‘( i(‘s. 

I fVi idoitiyiidac < It'iiiiilid'ic 1.', 

I Trypctidai' ] 

I H> iiiPiioptcra. S sp<’r ips: 

d Tciithrfdiiiidai’ 7 

d Chaln.lida.- • 1 

;«i 


Tho cat:il(j(r iiK'hnifs in.sf'cts tliat have Im-ii takiai mi tlii' ( 'ratai’Uii' triv- 
ia fivp coiitincnts. The iiuriilicr of sjn'cio^ n‘[)orti'(l from oach coiitiai'iit i' 
as fofiows; North America, 213 .-pccics; liuropc, 2(),3; Asia, S,S; .Vfrii'a, II, 
Australia, S. Ail hut h') of the North .Viivrieau species are helicvcd 
to ho (ii'tinct from thn-o of the (lid World, sir)(;lo Australian specie- 
i,' distinct from those of other coutiiienl', 'I'lic insects rccordeil fnun 
.\sia and ,\frica are found also in liurope. 

It will he noticed that the mites, which ha\e >imilar hahits, are incliulcil 
with the iii'ects m this paixT, 

Some helpful references to entomolozi<-al note,s conceriiiint each .-pc ii'' 
have heeti incliiderl m th' eatalo/. which is intend 'd as an aid to oih r 
workers who are investiijat mu the insects of oar d"ciduous fruit tree-' 
and related plants. 

flrateful acknowledgment is made to Pro^e,-^ors tllenn W. Herrick and 
.James (J, Net'dham, of the Di’partment of laitoniolonN' at ( oincll I tn- 
versity, under whose direction the work was done and who.se kiiidiv criii- 
cisnis and suKgestions jire ap|>reeiated, also to Dr. W. T. M. l oili 
Dr. Kriith M. Patch, ('has. W’. hentr. Dr. P. JA l.awson, Profe—oi Z !’• 
.Metcalf, Dr. If, H. Knight, |’rofe-‘..-or < 'arl .J, Drake, Dr. Id. 1’ I ' '', 
and Henry Dietrich, who have kindiv aid-d in th" determina'io'i 
.sjjecies; to Dr. K. .M. W ie^rand, who has kindh' aided in the deii niiiiia- 
tion of .iiM'eie.n of ( ‘rata"ttus; and to Mis.s Dda (I. (!ross for aide ediiena 
a.-i.'istanee. 


THK .S fUATAKfirs 

CrdtfiPiju.if IS the ntini" of a (troiip of Irei-s and shruhs cominonl' ‘ 
hv tJieir "harp thorns, white flower.- tpink or red in a few ciii' ‘in 
varietif-s) in .\Ia\', and red or vellowi-h fruit like minatiirc ai’' 
autumn. It i- an ancient (Ireek nani" deriveil from /. '(//ev -H’ - 

and was apjiheii to the plant" of ihi- i^enus hecause of the h.iul' - 
durahility of tJie wood. 
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Anionfi tlic jxipular iiaiiK's li\- wliicli the kfiiu." in known most commonly 
an' till' following: liawt horn, thorn ai)i)l(‘, red haw. wliitc thorn, ami thorn, 
in America: hauflioin ami may. in laifrlaml: anhf'])iiK‘, in France (snellier, 
liv Frcncli ( ’anmlians); W'f'issdorn, in (iermany; sjiinalba, in Italy. As 
die name luiwUmru seems to lie the one most commonly used by English- 
apeakiiiK peoiiles, the writer has iisi-d it in this papi-r to represent all 
>])ecie.s of Crataegus. 

'I’lie Keinis is placed by many botani-ts in the family Rosacc'ae. Other 
botanists leave ilividi'd tlie Rosaceae ttronp and formed an apple family, 
.Malaceae, in which ('rataesrus is included alone; with Malus, Pyrus, 
Cydonia, .Me'pilus. Sorliiis, .\m"lanclner, Aronia, and Eriobotrya. 

I'll" determination of species of ( rata“inis is as gri'at a taxonomic 
pioblem to liotaiiists as the determination of tlie jiarasitic Hymenoptera' 
Is to ('ll t onioloirist s. [liirinir the first tim years itf this century about 
one thousiind species of ( rataeitus wen* describ'd in Xorth .\.m 3 tica. 
Manv of tln'tii are now regarded as hvbriils and varieties, and _a still 
further reduction of s|)ecies is m pro.rress. Ihis taxonomic unceitainte 
makes it impossible in man\' cases to recoftnize sj^ecific hosts foi the 

insects that feed on t he ha wl horns. - i x' i 

('iata''(iU' is (list I'll lilt ed over nios| ol the t('tn|)erale jiart-s ot the Noith- 

ern I leniispliei'i'. I'lie ^eiius is not iiidiit'-iious in the >outh.'in Hemis- 
lilii'i'c ('xc' pt in .\ni 'I'ica, where it follows tlii' unbroken mountain chain 
ihioueh the 'I'roiiies and txrous j,, tlii' And"s Mountains. It is found as 
far north as Newfoundland. .Norway, and >wi'den, ami extends souti- 
ward to the Mediterranean bordi'i's of .\lrica and .\sia Almor. lie 
Fni'opean siiecies have been introdiici'd into .\ustralia and other Europnin 
I'oloiiies 111 the Southern Hemisphere tor cultivation, ,, i i -i 

.Most .species of hawihoriis seem to thriv' m any w.'ll-drained soi 
uhich is not acid and wlmre rainfall b suliicient lor the pirowth ot 
fnrest trees, whili' :t few >p'ci"s thrive in .icid soils abo. Ihey aie usu- 
ally lonpr-lived tiees and individuals mi ■ hundred yi'ars old ate not 
nneommon. , , i i,; u 

Distribution is efF'ct-'d larimly bv m-ans of Inids 
cat the lipe fruits and carrv the seeib in tlieir difiestne i.u s i . 

'■oniniimities. Within tin' .same community, thickets aie. Lummo 
l"|■nled from the new stems whii-h }irow Iroin th" loo s o a si ' 

uherever the roots become exposed to li^ht, as by washinit on hillsides, 
s new stem may jtrow and a tree b.' foriiu'd tioin it. 

KCOt.OttK’.tl. SfM.M.MD 

'I'l.,. I renter, » rrf ll„' rl'r 

I he hawthorns furtiish 'hot h food and slu'ltii. 
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Tlu-y furnish food for m-arly all of flio insects studied. lew cxn p- 
tions, sue!) as the snowy tn'e cricket iOrcunlhits niri-n>i) and tic d,ims.| 
Hy Le.sles rirniis, procure their food (‘l.<ewher(' and ii'ie tin,' hawtiiorii 
hranches nierely to shelter their e^fr-s from the weather and their eiirmirv, 
Every [lart of tlu' tri'e furi\ishes food for some spc'cies of ins.'ct, as m.iy he 
.s('en from tht' following outline; 


Trunk and l)raiu’hfs Id sii,., 

•A. Kxtern.al feeder's .scale.'S, .aptin'.., amt i ilier- . |U 
B. Intenual feeders tHJrer'', _’l 

Roots iaphid.s’ 1 

Thorns 1 weevils ] 

Leaves _’d_’ 

Kxternal feeders ' til i.seellaneoio -’.Ci 
B. Miners ‘tineid.s, weevil.s, .s.ovfiii-' . .!7 
('. Ciall makers aphid.s, mites, eeridainv nd~ . Jtl 
Flowers ithnps. rnawt.-i. eaterpill.ir>. In-etles. ami i.tler' C 

Fruit ! caterpillars, bugs, iiiaggi’ls. laule. .Id 


The other hti.sic need of uis-et-' which a lio't plant may 'iiiiplv e 
shelter. Most of the in.seets included in thi- paper are slirltned to 'unc 
extent In' the hawthorn, tilthoimh the compleretie-s of the shi'ller varus 
with the habits of etieh species of insect. .'some ;ire proleeted oiilv bv llieii 
[)Osit ion on the surhiee of the t ree. ( >t her< ;ue part tally sin I feted itt tolled 
letives, bark enn iees. and the Itke. .■still otheis are seeiirel.v liottsed witliiti 
the [thutf tissues. 'I'he degree of shelter secured by those species 1|\ Itlg 
externally on the siiiftiee of the plant v.aries so greatly and so giadti.ilh 
that no distiiH't lines of di\ ision can be drawti in so genertd ;i siatetnetit .0 
this, 'rite niore di'tinet groups of mtertial feeders t borers, le.af itiiiief', 
and gall makersi tire indicated .'diove and are distinguished fioin tin 
exft'rnal feeders, wlueh receive less complete s||e|ter. 

The fact fliaf “O lli.'iny s[)<.eie, of mscets feeil .at the expelis" of tic li.i"- 
t horns suggest s t he n liai t h.at t t an in dtiiiger of ext met ion sti'li 

is not the case, however, for the hauthorn- wh' ii not weakened b\ diocilit 
or flood are very hardy, long-h ved t re"s. Some mdieaf ioiis as to wli\ ' It ■ 
sucee.s.sfully wit list tind t he feeding of the insec' s may be seen from :i si nlv "1 
f he following data, which are basi-d on stat ist les given in t he last sei i loC' "I 

fhi.s [tajHT; 

A Ff’HoxiM.Mr. IV.Rr*»r» iN-'Kt 


Sp 


.MArch 

II 


.April 

.‘>1 


Slay 

IfHI 

( >rt<jU-r 

./line 

■JJ'J 


July 

I'M 

Trii#' of unkno^o 


l^nih J'r.AVf** nr 

plAntii Tf'nihrU‘<\ t4) 

f ftofi pUnffl inrli]riiri(( <fth<T nr Kro«ip*4 
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It will lx* iu>tit*(*<l tiult tlirfc Is ;i (lir(*(*t (■oi'r('sjx>n(l{*iicc between the time 
III' feeditiK of the insect^ mid the timr* of jirowth of the trees. The greatest 
iiiiinber of species feed during .May and .Inrie, when the trees make their 
oivatest growth. 4'lie number decreases slightly <luring .Inly and August, 
al the time when dioughts fre(|uenily check trc'c growth', and then it 
iiirieases sliglitK' ill September, at the time when fall rains often cause* a 
new growth. 1 liis relationship bciweeii the jieriod of growth and the 
nine of feeding secnis to be one of Nature's adjustments for maiiit ining 
ii ilance. 

1 111 * fact tliat a large niaioritv of the ni'ccts feed on other host plants 
abo, lessens tin* danger of de-t ruction of the hawthorns and is another of 
Xaliiie s pro\ i'-ions tor ni;dnt aimiig balance. Theie are. of course, many 
iillier factors th;U tend to li s'cii the iiiM-ct injtirv to the tre<*s, such as' 
the interrelations of the ni'ect' with their parasites and preyers, but so 
little is known abotit lliem that the writer makes no atteniiit to di.scuss 
llleln. , 

I'.o't of 1 I ( s, flu s. ai.d I ( ( ties \ isit the bhissoni' in (piest of ])ollen and 
neetai*. '1 he winter buds in some species of hawthorn beconu* coated with 
a siick\ exudation, winch attracts iii'ects emerging in late winter, such 
as till* stone Hies and the cliii oiioniids. These transient mt'inbers of the 
Crataegus fauna have been oimtied fiom coiisiiU'ration in this paper. 

V list of insects that \'i'il the blos-onis |s given by Kiitith 1 19i)S). 

In the iireparat ion of t he eat a log of ha wt horn insect ' it became noticeable 
that some of the species wlueli have more than one luwt plant have chosen 
Hilly closely relalid lio'ts, such ii' the apple, tin pear, or the medlar, while 
many others have chosen tlieir ho't' from plants that grow in the same 

munities regardless of close botanical relationship, .V study of these 

'■oinbinal ions of hosi^ .and the habitat' m which they grow has led the 
" I Iter to 1 lelieve I liat the haw t in >1 it' are nu'mliers of at least five different 
I'lant <*onituuml i-'s, wliiclt tua> be described as follow'- 

I Upcii Hniid.s. In wiii,i|''oi!l' wliiTc till* i:r,iuiii lialm nf tin* t iller tree.s periiiits sunlight 
' I reacfi the icreuiid .si ili.'it ;ii> imiler.,r III I ti le-ii develop, 'i. ’ll .’IS that in ;v forest of oak, 
lie kiiry, and elm. ( 'r.it aeg..s i' eoitanoidv foiaid ah’iii; vvitii ('orvlu', Uhaiiaius. Carpuius. 

I and the like 

Deforested aree.s \\ here a 'hr. thin gr >vv t It If.' 'p-.m r up idler t he destruction of a 
■ 're'I, iiuiiierotj.s thorny fories s tell to ( ’r it 'egii,'. Uuliil.', Heriieris. and ,\piiiOS:i 

0 e freinieiit Iv found 

■* t ira/iiig lauds 1 1 ilNide' or \ iillev s \v here the ' ill t' iliii'uh iv at ed and eat t le tire pastured 
fret|iiei,||y ,), lied with < "r" I ’let.*:,.! Rosa, ."ltd er.ili apple, vihieli Ix’eause of their tlioriis 
‘ ei l euiiinie I'l thrive jiiid oiili;rovv the daiiter of Ih’iiu,' eate.i liy the eattle 
, ' Stream liauk.s .hot haek of the widows and alders i n I’.'eist alluvial sod beside .streams, 

' '-ti.ai’giis growN to its greatest 'ire and is a.s'Oeiated with I'lreli, willow, alder, and popi'U. 

^ ■' I'eiiee rovv.s. \\ here shntli.s are allowed to grow up tth ug the fetiees. I Mtiia.* ; ejxuiim''. 

t.ttaegu.s^ wild phim, ami wild elierry are freipienllv found elesely associated 

bi eiicli of t.be.se live eonnnunil fs inseels will bi* lotiinl whieh fi'eil on 
various plants of the eonmumity. ^■or evtunpic, /'.'////n muh behnml. 



1050 


Waltku II. Welliioi sk 


fotnls on Mains, Sorhus, (^uoia-iis, I'linus, and Corvlu-', \\lii, li 

may all Oo found in tlu' opon-woods {•omimmity, as may tlio lio.'i plam- 
of tho flat-h(>adt>d apph'-tna; Inin'r, Chn/sohiithri.s fiiiinniUi ^'all| ( )ii 
th(' other haml, the half lu'eth*. ('riii>toct phultis It! puiictdtus l.imi , iVnl- 
iit'ar the streams on such ])lants as Sali\, Hetula, (’rataeeiis, and ( 'ui\lii<, 
and At/nhi.'t nlttittritllis Hand, is fouml alom; the fence rows on ( 'r.it:i( ;:ii--, 
Priitiu-'i rinjtnitinti. and .\melanehier. No %'ery distinct lines eaii lia 
drawn hetweim the inemhers of these eommun.ties, since man\ ot ihe 
[ilants and insects lielon>r to mole than one eommimitw 

TIIK HKLATKiN' Of ru.\T.\ K< J 1 .s IN.sKCTS To .M’IM.i:, I’K.M!, AND (p I.Vf I 

• A moll' eom[)lete knowledge ot the insects that feed on ( rataeeii' n e; 
eori'iderahle importance as an aid in the eonliol of in.-eet pevt~ of ilic 
cultivated eominereial fruits. It ha' for tnany years, since tlie d:i\' et 
Walsh and heeti recognized li\’ eiitoinoloei'ts as the oi'ii;inal n.'iioi' 

ho.'t pliant of ;i tiumlier ot tmpoit;int in'cet pe~ts which now attack tli' 
apple, the [war. atid the {|uitiee iti the northeastern .'cetioti ot the I nil il 
States. In all pi ohjdnlity new pest.' inu't l>e expceti d to attack the l ulii- 
vated fruits in the future as the popultii ion of the eountr\- incica'"' 
.'inee as a eoii'i quetice le.'s uiieultivate.l land will remain where the ni-i ct' 
may fod iiridi'turhed on their initur.al ho'i'. 

The main eommereial fiuit' of tlie I nited .''tates, >uch a' the apple, llic 
[leaf, the ([uince. and the cheiry, are native' of the ( )ld Woild and liao 
Is'cri imported hy man into .\iiierica. W ilh them were iinpoited a nniiihci 
of foreign iii'cet', -uch U' the eodhnt' moth, the hud molli. ;ind the 'inuiitc 
[lear horer, which continued to teed on them in tlii' eoimtiy. .\I,iii\ el 
the [M-f.' now de.'truetive to tlic'i' fruit', howevei , iife native to \eiili 
.\iiierica ;tnd ;ire not found in the ( (Id \\ orld. H4 fore tlie e\l eii-n c 
IIIK of the imported fruits these lli.'ccts niUsI Inive fed on native pl:ilil' 
.\nionn the ino'f nutiieioU' of the natiV" plant' which ate 'iinilai i" 1 ■' 
apple, the (war, and the quince are tho-.- of the ueiius ( iata''i;U', ,ni'i t " 
nieniheis of fhi' Heiiii' ;ire widely dl'tnhiiled 11110111:110111 nian\ ' 1 eiii 
commercial fruit di'tricts, , 

A vouriK orehi'ird which i' -el in the niid'l of hawthorn' iiiav h i",ii 
in a few year- hv the in-ect' that iiiiu'iate to it fiom the .'UiioinidiiiL: 
We||-e't;ihli,'hed orchard- may -iilTei fiom the alltieks ot new pc'i' 
ever there is a failure of the crop of wild h.'iw’s or a eleaiin.i: <'1 ^ ^ ^ 

occupied hv hawthotn- -o that their ii.'itur.’il nuesls must s* ' e 

hosts. I 

it is commonly known ainoiij: entonioloi'isis that the app' ’ 'p,, 

fOfOifoh ti -i fn/rffori* Iht . ormifiullv :i hawtlitjiii unu t ,.i([ 

■tppie had heen cultivated in Nortli .America for iiian.v \eais t " ^ I 

selected the laiyer, juicier frUlt <»f the apple for its home. Il Is 
ill the haw- hut i- now known us an apple |M'.st. 
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'rho !ippl<‘ ro(U)Uj>:. Hctfi-ocorilyiNs nmlinm, is another hawthorn insect 
whicli has adojitetl tin' aiijile. It was formerly helieved that the false 
:ippl(' redhufi, Lyijidid was also orifiinally a hawthorn insect, 

hut the ohsi'rvations of ('iisliman flOlO), as well as thosi' of the writer, 
indicate that />. iiit ntlax is a uild-crah inse<-t and does not feed extensively 
nil hawthorns. 

The (piinei' etireiilio, CoiKitriichi liis crotaaji, is a very coininon feeder 
in haws which has occasionally injured iininces seriously and has thus 
piined its eomiiion name. Likewisi- the lesser apple worm. Laspeyresia 
pruniford, has j^ained its conmion name hecause of occasional migrations 
from hawthorn to apple. 

Haker (1015.10) eoii'iders the woolly ajiple aphis, Erio.foma lanigera,' 
to have lieen originally an elni-( 'rataegtis leeder which has adopted the 
a PI tit' and t ravi'h'd ti round the worhl wit h it . riu' woolly aphis is undoubt- 
ciliv common on hawthorns. 

Xumt'rous otlit'r native .\meriean insects that fi'od on apjtle, pear, or 
(|uinc(' art' inchnlt'il in the catalog of hawthorn ft'i'ik'i's beginning on 
pugt' 1090. 

'ritt' possibility that foreign hawthoin mst'cts may bt' importetl and 
ht'come pt'sts in North .\iuerica shtnild also bt* consKli'i'ed. \\ hen intro- 
duct'tl into a nt'W ('nvirttnnieiit away from their nainral cht'cks, these may 
hccomt' molt' iniportaiit lii'it'. Ht'ceiit extiniplt's of this are three small 
nioths importt'tl from Furope - iht' aitpk' :ind thorn leaf skcletonizer, 
SDitdi'tliix pd/'iaiid', tlu' liawtlmrii einiint' nu>th, ) poiioiiHutn pudeUita, 
and till' li'ssi'f buti moth, JEriindrid ndidlld. Iht'st' have attracteti 
tht' atti'iition of t'conomie t'litomolitgists m Xortlt .\ineric:i as anple and 
clu'i'i'v pt'sts, wliili' ill Furope they feetl cttnimonly ttn hawthorns. 

Since till' catalog of haw thorn iii.'-t'cts inclutli'il in this memoir lists 
ilii'ir food plants ami tlu' emit iiii'iits whi'ic each spt'cit's ticcurs, further 
c.xamples of fort'ign hawthorn m.--i'cls that are now in North .\meiica 
tiiay b(' found then'. 

HIOI.OCK'AI, XOTK.S ON INSKCl'S l l'.iatlNO ON NS ()BSEIi^ED 

HV Till-: W Uri KK MioM I'.'I7 TO lajlt - 


.AC\KIN\ 


Tetran^cliidae 


(' /'O'm.s Finn., I'ctrunycliu.-i (Ueil spiilt'i ' 

'l'h(' It'avt's of aH 'spt'cies ol Cnitat'gus ol>servt'd showetl attack by 
I ' Initiych K.s tfldrius. 'I'lie Furt>])eau Iniwthorns. howt'M'i. m 
niore oft(>ii st'vt'i’t'ly injiiri'tl by tlit'st' miles than tlu' natm >pi(ii.. 


1 l>f iiiwi'ts jirr Krt>uiKu| jirt'orthiiK 

I'UlilIj 


1 1 oli.F'tl I'lit .iiK -.pi'i'io'' uitliiu 

r ni ii f.'HM K . ■ 
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injury is sevorost in warm, tiry iMuinils. Tlu' h'avn.s at first Ix-cdini 
grayish, ifuo to tfio prosetifo of a fino wliito wch ami tlio oast skins ol ilic 
mites attachoil to tlumi. I.at«‘r they turn hrown ami tlu'ir margin> (ml 
toward the surfaee on which the mites ha\e fed. The ailults hiheiiiali 
among the fallen halves and a few wen* found in hark crevices on the tiunk 
in .\pril. Tht' tiny, round, white csrgs are laid on the leaves. 'I'he miii-. 
hrecih continually on the leavi's from June to (fctoher. 

Eriophyidae 

Erinphyts sp. Xo. 1 t Hawthorn serpimtine gall of Jarvis) 

The .'pecie.' of l'aioph\'es here descriheil produces long, green et n l 
scrjM'Mtine galls eonfimsi tu the >paee hellMeli two of the larger vein- 
e.xteiidmg from the midril* touard the margin of the leaf dig. lOJ , Tl 



I 5<». 1 OJ l.f \ V » H MM ► I A »•» r ^ I \ *»H»J A I hJ Ur> X HM ' 

M l» ^ r ^ S'» I 

gall eoil.sist.' of a wavv projection 0.1 the UpiM'f ,s|i|e of tile leal O 
iticl.sion on the lower -ide. In i-ro-.s section tlm le.af appear-' j' 
with tile galls [irojeet mg ujiward a.s loops or pockets in 'vhn h 
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live (.fifi- 103). Till' 1( :if (ioe.s not hccoiiK' thickened in these galls. The 
galls beeoine ('Xtreinely almndanl on some Irc'es, so that almost every leaf 
is deformed. Tlie miles seem to inefer the shady In-anchos of trees, 
ialh(;r than those, in bright 
sunlight. They bei'iime most 
abundant during .\ugnst, 
uheii thi‘ galls are swarming 
with the inieroseopie white 
mites. 'I'he galls were found 
most abundantly on Crntn- 
iijux puill'ldtil , but they were j ma ( rus^ skihon of .\ cr.^t.^eous le.\f, 

found also on ( . /j/ ioao.s;; ■ thhoci.h thrf.e serpentine u.\lls 

and other native hawt.horiis. 




Knopln/fy sp. Xo. 2 (Hawthorn 
marginal gall) 

(lulls very similar ta those 
of Knriphip-^ goniothorax Xah, 
which are found on hawthorns 
in l-'.uropi', are produced by 
E r I It p h p ( .s s p . Xo. 2. The 
margin of the leaf is curled 
tightly downward for a dis- 
tance of two centimeters or 
mori' (tigs. 104 and 105), and 
the curled margin is paler green 
than the ri'st of the leaf. The 
mites live within the curl. This 
gall is not viuy common about 
Ithaca, but was found in a few 
caM'S on Crtitdi'ijus coccinca. 

/•,Vmp/(;/(.ssp. Xo. 3 (Thorn loaf 
pouch gall) 


I'm. tot. iiAwrniiRN m ah<.i\ o. <• m i -- 


Many small, pale green 
pouches, standing on the upper 
side I'f the leaf and opening 
beneath the leaf by a small slit, 
ar(‘ caused by inieroseopie 


'\hite mites which live within the poiiclies. 4 he 
galls vary in size and shape, but are generally 
about two inillimeti'i's higli and are rounded on 1 op 
(tigs. 100 and 107). 'I'liey may be found at any 
I'lace on tlie leaf except, on the larger veins. 
1 hey are fairly eommOn on ('nitdiijus piinrtdtd 
but are not .so abundant, a.s tin' serpmitinc' galls. 



Pm. 10,'). CROSS SECTION 
TUKtil’tlH Cl'RI-ED EDGE 
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Orthoptiika 
Acrid iidae 



(ithini.i liiloy, 
hivittnlus Say, M . 
Jniiur-ruhruiH DcC.ccr, . 1 / 

'I'Ih' coininoii Kr:t>'ho[)- 

ptTs Mthtiioplui iitliiiiK, 
M. b ! r il Id t ti s , anil . 1 / 
/'( tntir-rnbriDH SDinct lllll'^ 
leave their herliaeeoiN Ik^i 
plant.' tol'eeil (111 the fiillairr 
(if the lower liraiieli ' ni 
hawthorn tree.-;. 'I'lie elil-T 
n\niph.-' and adull-i have 
Ih-cii ol).-<erved feediinr m 
Antfii't and Se|)t eiiiher. 
'riie.y feed iiretjnlarl.\ on 
the leave.'^. .<onietime> e.ii- 
iti>; ttie entire leaf ami 
'Oinet lines eatirnj only the 
;i[)(‘X or one .'ide of it 


He. toil. TdoR.v Pie ' II 


.Miridae iCap.sidac 


n/liirrii/lii.< Klllllhf, 

One adult (i{ Li/ijii.'; rtitndiuni' wa- takeii on .Inne'Jl ami Imn \M'I< lak'H 
on Aiitni't 2, puneturnm the leaver of Cnitii' iju-< inirirtnbi. 


tli.iliH’/itii.i Sa\', Horritt- 

\ few adult- of Horrid.^ .h.Jonilu^ wre foiJnd feedinu on leave- "I ' 
hicyi/.s piitniiihi in June. 'I'liey are lilaek. rather 'font, atid h nnlliim t' i 


mnlitiH.s Kentir, lltlirdrufilpln.^ 
1 1 )Hrk afiple redfiinr i 

Nympiis and adult.- of H<1- 
f fitcorfitflux tndinius are vi-rv 
eoininori on native iiawtiiorn.-, 
wiiere their red eolor arnl rariid 
runniuKover the liranelie- 
make them very eon-pieiion-. 
The yrinriK nvniiihs Is-Kin to 
apixar ahout A[)ril la, when 
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ill,' I>l,KSoni ('liNl'M-s have just Ih'KUii to separate and before the blossoms 
-liow pink. 1 li“y |)nnetnre tlie leaves aiui tlie tj'iuk'r twigs but do not 
eaii-e anv not ieeabk' injurv. Aft-r the fruit si-t^ th-y feerl on the fruit 
al'O and catwe ver>’ sliglit dimples wliere they punetun' it. They become 
adult in late Mav and earlv .hnie, and begin ovipositing in the twig.s 
about .lune 15. 'I'lii' egg is deposited in a small slit mad ■ with the beak at 
ill,' bas(' of a young twig. Adults were found on tlv tnes until late July. 

iiiniihi.r H' liter, /.i/i/f'/oi iHright aiipli' nalbiigl 

A few n>iiiph.s of Ltjijniiii nil iidii.r were found feeding on the leaves and 
flint of ('rataegiis in hit'- Afiril and in .Mav. Tlwy an- not so common 
as III It rnro, ili/liis iiinliiiiis. In tlf warm laboratory the eggs hatched on 
March '27 on Criihtnius iniiirtiiln twigs, but no n\'mph' wen' found in tho 
field until till! blossoms were np'uiing on .Kpril 25. .\dults were found 
fi'om .lune 2 to .\ugust 1 1. * )ne ailult in a br.'cding cage oviposited on 

.lune 1!) in a twig of ( ' niltu tjns iiiis-ndUi. .''he chose a year-old twig, 
drill, 'd a hole through the bark at the bas,‘ of the twig, and then, ttirning 
about, thru't an egg into thit cavity. 

iinidliiy \’anl)., ( I rl Iml i/l us 

\ few .adults of (lrt!i<>li)’ii(s nniuhi'i were found fei'ding on the leaves of 
/u'uom.svt in .lutie. I'hev .are brownish, spotted, sleiuier, and 
5,5 niillinieters long. 

nilnjiu Knight, /-.Vi/u.s 

,\ few adults of l.t/ijiis iistri/ai were ttikeii iiuneliiring the k'aves of 
t i'<itii( (jii-'i fiiiNiiuln ill late .luiie. 1 hey are pale yidlowisii hrown, and are 
otherwise similar in appearance to tlie lariiisluai plant hug. 

rid., Dniphni lid 

1 he pale green in'iiiplis of I fm phu idid pi llui'i’hi are rather nunu'roiis on 
th,' foliage of ( 'rdhii <i 'is pniiitdld during late Ma\' and earl.\' June. Ihey 
uin rapidly o\'er the bramhes when ilisiuriied, and ti'cd on the leaves 
und ti'iider twigs, .\dults appeared Iroin .June Id to .Itine 15 in rearing 
' ig' s III the laboratory, and others wi'r,' found in the held on Jun ■ IS. 

1 hi'y jire delicate, sli'iith'r. pale g,','eu, and about 1 millimeters lo.ig. 

I'liifriisis Linn., Ipj(jus 

Adults of I.i/iiiis priitni.sis wliieh have liv«'d throii.gh the winter are 
' lines found imneturiiig the buds of ( ’ratat'gus in .\iiril, as soon as the mds 
'how green, and a few were found puiietiiriiig the yonng Irtiit m late . la.\ . 

I'liiilldhis Knight, f.ipjus 

Ailults of I^ipjus uuirittdiiis are ratlier eominon dnnng late May and 
ptitieturing tlio le.iive.s and fruit of native hawthorns, 1 hoy resoillWe 
b. cviiimviiis Very clo-sely, but are generallt pak'f. 
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Tingitidae 

bi'lluhi (iil).'<uii, ('ori/thuchii !lMatr.> LXXll and LXXlll' 

Although tlu> original (h'.<cii[)t ion of < 'on/t/nirlia hi llidii wa'- pulili-'ln il 
hut recently (tiilison, the .-ipia-its s.aan-i to Ix' fairly connnon ulinv 

it.< host plants occur, and it has firohahly hccn confused with ('. ri/dinn,,, 
h\- ('arlicr ohsi>rvi'rs who must have scon it on the hawthorns. It Im^ 
been found by l)rak(‘ in Ohio and by ('riihllc in Manitoba. 

The host plants inchnh' tho.'-e species of ('rataegus that have li:iu\ Ini 
veins, and also. !///)/.< incmin and /^h/)c^ itxiinnitilhiinli s. 'I’Ik' wnt' r li.i' In'iinl 
the insect bn'cding in abundance on < 'rnhni/us nidjl'irml /y and te 'emi 
extent on ( (dill run.'! ami punrhdit. 'I'he h.-iu thorns with shiodI h li:i \ i . 
‘such a.s ('. jiniinusii, ('. rntn-iinlli . and (Ui/itritidhn . evi ii whiii ilin 
branchts; Wert' intt'riningleil with thus- of trees ih.it were b;id!y iiin -t .] 
revealed no n\ inphs nor eggs. 

In largt' thicket of m ojlinndi.'! trees ne.ir tin' ( 'ornell rtii\'er'iit 
cainpUs, the leaves were so discolored li>' the end of .lul\ that they t' d 

atti'iition several hundreil y.arils away. H\ the middle of .Viigii'i thr 
h'aves were falling, and tin' branehes were bare by September I 
fruit rnatUri'd tin these trees. .\ few sea'Ieied trees of this species inndiel 
tlireefions from the city were aNo badly infesteil. Indi\iilual iiies m 
('. idhirnn.'! ami ('. intnrt'dit 'Imwed an occasional Inam h badh' nih'st d 
ami with leaves discolored. Tlie injur.v i' caused by the n\ni[ili' 'm'l 
the iiilults puncturing the utnler -urface tif the leaf and sucking the s;,|i 
[irotlucing at first a mottleil cfTeet ilue to t he p.ale areas around ili" n cilnig 
punctures, while later l he leaf turn' brtiwn and fall' lot lie ground, < •m.e 
nierital [ilanfings tif t'l'.atacgus in park' and gardens aie rcmlered un-iglitlv 
and weakened by this injury. 

rhere are twi) generations anmiallv at Ithaea. TIi'- first bromi li.in hi' 

in ./ul\' frtiiii eggs laid in late .Ma\ .iinl m .lune, and the nymph' 

mature in from twentv to twent%-fi\e da\s, Thi- seeond-biooil i cc' 'm' 
lait! in late July and in .XiigH't, and the adiills appear m late VncH'’ nc 
in Septenilif-r. , 

'file atiults of the second bniod hilwrnate among the f.alleii le i .i' ni' 
in crevices of the bark. .Many of t|iem remain on the leaves 0:1 '\hii ' 
they were fet'ding liebire the leaves fell. They a(i|M'ared the 
.May, ami during early .fune wt-re feeding on the new ( ralie gn 
.V.s a rule ord.v one pair of adult- was found on a leaf, and lhe\ 1 
feeding ami ovipositing on that -ame h-af for .several days. 
gence from the nvmphal skin in September, the adults of the -ceni 
eontimie feetiing mi the leaves until tiiev fall, in late SepO nh 
( )etolier. 

The egg is -ulielliptieal, with the lia,'al end roipnied and the .u 
berit .slightly to one side ami cafiped with a rather liroad eylindic 
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.'•unnountc'd liy ;i IdW cuni' witli irn'nular ridf^cs I'Xti'iidiiiy; from Iki'I' ju 
ajx'x. From tho apox of tills coni' there arises in some cases a slion, Miiiii 
prolonjiatioii, lait often this is ahsent. The c^>i is without waxy coM iiiin 
over the chorion, which is smooth, unsculpturcd, and of a shininn daik- 
hrown color hut somewhat lifihti'r toward the ha<e. The cap, oi- iiinf 
is often whitish. The c<;tt, exclusive of tlie aiiical prolongation of the rap, 
is O.o2 millimeter lon^, and t).2l millimeter Inoad at its irreatoi unlih 

The eces arc laid on the under surface of the le.if. in the axils foiniril la 
the midrih and its lateral hratiches. .Mthoiieh the female ha' a w.li- 
developed, sawlike, four-vah'ed ovipositor, the cees are not iii'i il' il line 
the leaf ti"Ue. The\' are placed aiiioiui the hairs on the ;,nil an 

in some ca.'cs pined topether with an adhe'ive inat'-rial. riie\- aie p, n- 
erally laid in small proups, ~ome proiips conlainmp as many a' eiplii •i n 
or twent\' epp': hut occasionally they are laid sinpl\. In cuiintiii" 
the nuniher of epps on one hundred infested leaves the Wlil- r follliii :ili 
averaije of forty-nine epps to a le.af. ( tei a'ioiiallv a leaf had s 'Vini\- 
tive or eiphty epps on it. The epp-lavinp period extend' o\er seviial 
weeks, so that epps, liMnph', and adults nia\ he lound at the sain ■ tiiii 
m July and Aupust. 

I''pps laid on June 2 hatched on .Iiilv tt and while the epps et ilr 
second hrood. laid on Jul\' 2li and dl). hatched on .Vupust lo and hi. 1 iii' 
mdieafes an iueiihation [s-riiid of ahout t hii t \-seven da\' in the ronlr'' 
ti in[H‘rat lire of June, and eiphteen dav' in July and .\upu't ulieii ilir 
averape tein|)i rature was hiplier. 

J’he conieal epp cap |s pushed U[» hv the livniph as it hepms loelll'lllr 
from the epp 'till inclosed Ul tin einhlAotilc memhranoUs 'ae \\ Ir n 
ahout, halfvsav out of the epP'liell the n\nil)h -pll's the mellihl.iliell' 
sac and 'li[)' it otT over the head, li-av inp it with the epp . ap on ilr oiini 
end hanpinp om from the emptv eppshell. 

.\fter emerpinp and iliyinp. the n\ in|>h~ hepin to fei il at once m i o.eiiii ' 
near the epp'hells. I'hev molt (iv<' times, fei ihnp Irom tliree in 
tx’tween niolfs, the earlier 'tapes reipnimp thrie or foiii da\' wliii' i " 
later ones reipiire five or six da\'. In moltinp, the ciiticiila hie.dv ' 
the meiiiaii dorsal line from the front of the head to ahout llie • e.i 
abdominal ~epment. The in'cct on emcipmp is limp, and i' alinn-i 
less except for the eVe facets which are hripht red. I he hod\ cnle' ' 
darkens ami the eyes a few hours later Ix’Cfime hlack. |)uiinp ‘ 
stape the nymph wanders alxaif more freely over the leaf and in -"i 
poe.s t(i adjoinmp leavi-s. I)es<Ti[>iion,s of the nymphal stape- lol 


Fir^t Mmjf - tl ■”> ruin , «r<'ftl<'st wiillli 0. t.’» rriiii < li'iiiTiiI .sli.’il*'' x'' ' 

+ iincwhftt t,riia‘l*T ilirni o»ii< 1 jw 1 hikI mere elettunti' itiaii m tic 

first aiiiiimt relorl< -t« l>iir s sm tu reriimp Uark l>re»'n tleiik l-wemi iiti 'l c' 
IjiM-k to sitth atxloirmol ‘tcpmi iil .Viiterina .'t-«<'itm*'iitei|, tlic tweial t"" 
shorti-r tf.ari the ttiirii si'pmi'itt, t» ts it wilhouf xjiinen or Imirs, ai'o'ti' 
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a few short hairs, third s<‘j(riu‘nt vMth nunuTous spinos and hairs, .some with routnlcl 
tip and conical base, others with point^ni tip Ui‘ad with five prominent <iorsal tulx n lcs 
two slijfhtiy separated just above Inise of lH\ak, each lx*arin^ a rouml-tipped spine; oiir ml), n ir 
back of these t>n iue<lian line two spines, tv\o iulM*rcles near p >sten<)r margin. \mi 1( h 

^^eparated and each lx*arin>t two •»pines. l*ro' and mes >thor.i\ liavinx lateral tubercics uifh 
a spine on each, and rneM>thora\ having a pair of dorsal tuU'nles with (tne spun* mi t ai h 
Metathorax and first alxlonnnal st‘nii*eni without spiiu-s. armed with short, pcinit,! 

hairs and two IkmiI. sharp, terminal elaws. N'me aUloniirial s.'jjrnents visible aluo,-. ca, [j 
of thes*‘ except the hrst iM^anni? on eaeh lateral inarKin a tiilnTele surinoutited b> a rouml- 
tipptal spine, two dorsiil tulnrcles on seeond, fifth, sixth, and ei^hlli alxhmiinal '•('irnnuts, 
thos<‘ on s4'cond and eij^hth seirm<*nts U*arui^r (*ne ronnd-tipji^al s|>nie I'aeh. and thi*^- ,,n 
and sixth s«‘irnn*nts lH‘arin>i two spines each, teiuh abdonnn.il M'lcment vi.Nible from .i Uttr.i! 
or Ventral \iew, this s<‘Ktn«*nt lH*.annx •“> spiiies nor hairs. mmut«* aw'l-’*h.ipetl '•pinultv ,,\tr 
dorsal .surface. es|X‘eiallv on hir^te tulxTcles of hftli ami s|\th alHli>iiiinai s^xiih llr'^ an l i n 
•thorax inal» bXXIli. d 

.vc'oui — 1.4'niCth t) t►^ mm . ^createst width f) J? mm. Ibnly broader in prop iriii n 

to Its length than in hrst stance. <L4rk brown in I'olor. witl^ MUinemus minute spuiuPs r,\rr 
d< rsal surface, eo\enn(? it mm h more eomplefely than in first siajce. Additmnal ■*n]:ili 
spines on lioth dorsal and lat«'ral tuU^rcles. and the roim<l-!ip|M‘d spun's pn-siuit Iw fore Inoiin: 
a siinh!iy longer «*onieal Inuse m thi.s stajfe. IMat#' I X.\IM. 1 

7‘Airfi ifftij*’ — I.**ntph t) 'sj nun . j^reate.st width 11 mm Antenn.a with four Marinifi!' 
Hound-tipped spines ari.sifiij from a base loni{« r tluiii tho spnnns. and a few ad<lif lon.il > 111.111 
spines on tulwTcles I*ro- and meHi,iJ|ora\ iM-tpiminiit to meroas4‘ ni prornininco 1*1. c 
IXXUI.o 

F'rurth ttn/jr I^ riRth 1 J mm . gn at* '•t width 7 mm \\ nut pad.n of me-othor.i\ ext' n'i- 
ini^ l)a< k o^er metaihorux and Hr’^t alxlominal ••'iCfm nt at •.id* '* I'rothorax more prominnii 
than in carlnT st.'iites Has*”' of round*tipj>*'d Hpmes -cM^ral timex a.s himt ji" the >[)Hie> 
A few new spun*s pr* s**nt on lateral marKUi-** '»f pf’** and im^sothorax and of abdi'Jiieii ( ' I r 
dark brow*n, «-\m'pt m an irrejfular bami »<-ress alvlomen ju^t eamlad of winjf [»,ub :m'l "i, 
lateral thirds of pr»jth')fHX, where it is >e}|owi^h Minute •.pinule'* eoveniiK entir*- <lnr'!iit,. 
hj<hT'Coh.red on th*‘ >e||owi.«h part'< and dark oii the brown part**, tbe-ie Hpinuh ^ pr' “Uii .iN ' 
on ba.s*'s of roimd'tipj)***! ^pine- IMat.. I. XXIII. •» 

Fifth .itagr I^-niffh I '* fiuii , ifreat*-'** width min Uimc pads now e\ttii,linL" hek 
to fourth alslonunai s**<menf ar **ide«. and pr>thorax ’•till tie-re prommetit .\ f* '' ni' n 
•■pines on tul)**re|es. many of the ■'har(e(M»in!. <I spines of ili»* earh< r stages now ri iiiti'l-t ipp* il 
.spines prestnt in the earlier -t, tiers <Ki latt fal margins of s.'gmrnt.s co\rre*J b> W!M^ pel' 
‘li.sapf>earrd ^♦•llowi.sh part.s of pr«>fhorax mrrrius*”! m size, and distal pal’ *'t 1'“' 

velhiw ish, gi\ ing tlic Isrtls the apl»*'ariuii e of ha^ tag two tight band.s aiToK.s it I nt ir- ‘hr ' m 
lUrface eo%er*d With minute spmul*”' as m earher stages ' i’late I, Will, . 


In all of the n\ iiipli" tin- l;irK»T .'pirir.'' (■orrr'.ponil i x h i 

[lo-ition ;iinl 'li.'iiH' wifli tlio-M' -o cxcollonf ly iln'.l liv Moiiill 

for till’ o.'ik l;t<'c liim. ( >11 iilhurhn ‘in ntiln. "I'lio only ili>l injiui'lnn'j 
;ir(<T' iH'tWcon till’ nVMlptl’' of till' uvo 'iMrii", wlili’ll till- Wllli’l !■ 0 
alili’ to oli'MVi' .'iro till’ -iZ” anil tin- inoViilriM’i’ of tiiiniil'‘ 

■ipiniili j' on till' iloT'al -"iirfai’i’. Nvmpih-i of ('. iMihihi an’ 'in-n ■ 
pos^<*,>.« tnori’ •ipitinli’-i, than tho-n- of orntnlri. I hr laiy:i'i 1' 
lifith M|M’i’!i’r> whif’ti ari’ rnoiintiil on I’loniC.ati- .M'l'in to li.avc ini’ 

“ar on fhr tip whirh ,fivi’« thrm a trnmiK’t .“ha|M> whrn it i- 'h i"’ 
a rontxl tip whrn if h rxtrnilrii. 

'I'hr n;itiir;il rtirmir.“ of tln-K- •,piny rrrattirrw m-riii fo hr I' 
the itiitn.'itiirr -taKi”“ of -rvrral “piiirrM wrrr wrti to prr\- n|’ 
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riic \V(‘1).S of tliosi' spiders soiiH'linics cover th{‘ infested leaves of a tree 
and entangle whol<- colonies of the laee hu^s. The adults that survive 
the winti-r are eoini)arat ively fcuv, so that the first brood of C. bellula 
does little injury. 

Cicadellidae (Jassidae) 

chh lldn'tis Say, 'riuiuiiKilcItix 

1 he adults of 1 htufifidtf'tfix chtrllartits ;ir<* of niediuin siz(\ o niiiliin(*ters 
lonil. They are yellow, with Mack wiiurs which have a prominent yellow 
.'■pot. .\ few sjX'einK'ns were found on .lime 11. 

vtircinrd I'V>r>t., (iriipluiri phuln 

The adults of (Inipluia phnla mrciniii arc S millimeter.'' long, are .slender^ 
with a iiointed tu-ad, and have the wing" striped with alternate red and 
gri'en. The>' are fouml on native hawthorns in .Inly ;ind August, hut are 
not coininon. 

viirtisii Fh., /i.v 

The a*dults of Kiisctl/s cniii.-^n are small. 1 millinieters long, with many 
ii.arrow yellow and black stripe". Specimens were found on June 23, 
hut were not common. 

lilchi \'anl).. filioarn.'^ (Black apple h'af lioppef 

rile adult of hhuci ms litrhr i" l> imllini'l 'i" long, i" blown or grayish 
with ohliipK' white marks, and i" loiiiul on natn'e hawthorns in July and 
.\ugust. I'lie black nvmiihs were reare<l on ('rdtirnpis pnnctnta leaves 
iVoin .bine 1 1 to .July 2, 'I'he species winti'i's in the ('gg stagin 

Ificlirpnidlis FI)., fiUoams 

1 lie ailults of [dnictnis Idchrifnidlts are S nnlliniet'us long, and ari' 
brownish or grayish nioltleil. with dark v nation. Thi'y occur on native 
bawthorns in .luiie and .Inly. 'I'liey are not common. 

I'naiiit.s Finn., I’hiliii iiiis 

1 he adults of I'll ild( nils lini dins 'ire 6 millimet I'l’s long, 1 )row nish \ ellow , 
'lout with a pointed la'ail. and with a "inall black spot near the ajiex on 
'he inner margin of the wing. Thev are found on native hawthorns from 
kdy 1 to July l.'i. but are not common. 

""'ll la'IF, Km pnascd (.\|)ple leaf hopper) 

1 he adults of Empiuiscd niiili an' millimeters long, sleudei, pah 
•oeeii, i'liey art' found rare!,\ on ('rataegus in late >luiie. 

''bhipiii Say, Kri/llirdiiriird 

kbeadiiltsof Kri/lhnmi urn oWn/i/u are 2 j millinieti'is long, w ilh t he wings 
"M'l'd red and wiiit.e. 'Fhey ar.‘ vc'iy abiimlant on the haves oi native 
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liawtliDiiis. 'I'Ik'v ainoii<f the falli'ii leaves iiiider tlie ihts, 

aiul liuiidreds of tluan were [iresc'iit. tmd('r (' nittHgns punctnld trees in 
March, 1910. Duriiit' warm days in winter they ho)) ai)ont over tlie 
leaves. Some individuals have pali' pink stripes, and oth('rs reddish luoun, 
•Adults are found fei'dinti on the tri'cs in June and Oetoher. 

paUtilus Kh., Idiocn us 

simile adult of I'liid-inis /jk/Zo/i/.s w.is taken on Jiim' ‘Jd. on ( 
pnnctntn. It was (i millimeters lonn. and was similar in .-ize and -linpe 
to I. Jilchi hut was almo.'t white. 

fjrdnincht n \anl).. hhiirn u.< 

The adults of IiIkh'ii hx pninint lu n .are .’il imllimeter'' loiiii, and aiv 
hrown or hlaeki'h with an elon<iate \ellow --pot on tin- Ictse of tin' inner 
marjiin of the winii. The\' are eominon on the leaver of nativi' li.iu t Imm' 
durimsJune and .Inly. Nymph' in the rearim; eaiies hatched from etrii' 
in Cnilntipi.-i pmu-tatn twins ju't .as tin- buds wi-re espandin*; in .\piil 
They iH-earne adult in three weeks. 

ipuri't I'ifeh. F.inpiHt 

The smtill. wliiri'h leaf hop|M-r' known as Finpixt ipn n-i .aiv \ei\ 
.abundant oti both nati\e and itn(>orted hawthorns. 'I'he n\’mpli' ma} nr 
fouml oti the undrr 'iile of the le.aves in late ,lune and .July, ami .iti.'in' m 
Se()teml«-r. d'he adult' hkewis<. oeeur on the utlder 'ide ot the follattr in 
.lune, .\u(iust and late .''eptiaidwr or early (tetober. 1 hev lllbel n.lte 
anmtin the t.allen le.avc' .ao<l Isaanne .active on wartn wintm' da\'. lias 
are .'1 milliim-f<'r,' lonn, .and .are p.ale yeilowi h white in color. 

.•irminiidifi Sav. KuUthj 

J’he adults of FulilliJ" inniHilu- .are tj milhne'ters lonn. r.ithei 'f'ln 
ami white with a hnht brown batid aero'S iIh- middle of tlm wiiiii'. I"'' 
are rather emnniori on (Hilnupis punrfnlii and t . ntonii foli.inr lioiii 
rni'l-.Iuly to .sv'ptendM'r. 

I'b., I'lifirtnn 

The adults of Idioriiu-i -uinrtilii are '>j iiiilliineters lonn, .'*nd ai' 
(•.xeept for the black inner m.arnm uf the winns. 1 hipv are loun' 
nativf! (irataenu.s in .June and .July, but are r.are, 

vntuhizti flill., Fnphri/jr ^ ^ ^ 

Tlie a'lults of Fiiplfn/x iitn/tuyi are imllimelers lonn. , iin. 

with a fKiinted head. The head, the thorax, and the .apiial paH " . 

witiKs are brown, and the centra! part of the boily and of t.hi 'n ^ ^ 
nreeni.sh yellow. One nytnfih wa.s ttikeii on ('rntnrgu^ pundu '' 
ami the adult emerned on .\unu.st l-'i. 'I'he .'[M'cie.s i.s randy tome 
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Ijinn nKi 

'rh(‘ advilts of Laininia ndijuris arc I iiiilliiactc'i’s loiiff, 1)luish Ki'ay, and 
latlicr Hfout. 'I'hcy an* abundant on native' liawthorns during the last 
half of June. 

Memhracidae 

cnildiiii i'ilch, (Ihinsiiiiiiliis (llawtliorn tree' liopiicr) 

'I'lic a<lulls of (ilus.^ijHiitus rriitdiiji arc fairly coininon on tlic leranchcs of 
native hawthorns during July and ('arly .\ugu>t. 

ihiritr plidhl ( loding, Oji'iiih rind 

The adidts of ( ) ph nh nnd il-irici /ihdld arc S nul!inii't‘^r-i long, arc brown 
with a \'cllowish whit" >tiij)c on <'ach 'idi' and acro"^ the' re'ar end of tile; 
plot liorax, and arc wit liout a hump 'They an* rarely tound on thi' branches 
of Crdldi iids pdu(id>d and t '. /n//o /(hi.su during , I line. 

Idiin lid I' il eh, ( I n .•^n 

riiciidults of Cl n '<! Iddniid arc s nullnnctcrs long, tire ])ali' green, ^and 
have the in'othorax |irolonged into a horn on each .'ide of the head. Ihey 
are found oeeasionallv on the liranelie- ol ( rntdiijus puiictdtd and (. 
Ill iijl nridhs in late .lul\' and .\ugU't. No nymphs were I’eari'd to the aditlt 
slagi' on ( 'rataegus, but >everal nymphs 
im.'Weiing the deseri|)t ion of this specie' 

. 1 ' given by Hodgki" ilhlO' haleheil 
on .\])ril ’it) ami li\( il through ihrei' m- 
'taf' on C riildi II d.s punctutd foliage. 

Aphididac 

I (ii'i iiildtd IIS Sir., I’l III p’lhpis I Woolly 
thorn aphis) 

.\ few colonies of tic tioeeulellt 
Cleeliisll a|)hi<u of lie species I’l iil- 
liliiiins riirniipitd II s were fomni in early 
• bine on C idtdi ipis pii iirldtd . 1 hec live 

I'll the under sidi* of t he leaves and curl 
die leaf margins ilowiiward. 

'"ildiip Monell, Mdci d^i piiinii 

1 he ajiterous females of MiiridSi- ^ 
liliiiiii erdidvip may be found from late 
\lay until (tetober on the nativi' haw- 
thorns at Ithaca, and during .Inly and 
August I, he species may become so 
ithiindanl as to seriously injure the 
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frtH's. Diirinji tilt' suiniiH'r of liUO tlio writer s;i\v a small ('nildi'giis jh m- 
nosd tree killed and a very larnt' (’. punrt/itti tree almost t'litirelv di fo- 
liated due to the suekinji of sap hy myriads of tlii'se a|)hids. d'ht'y aiv 
rather large, yellowish gri't'ii aphids, with long eornieles, and their ino^t 
easily reeognizahle character is the presence of four d;uk ureen 'pots 
arranged in a reetangk' on tlu' dorsal sidt' of the abdomen (fig. lOS). Tlir 
entirt' life history is [la.ssed on Crataegus trees. 'I he black w inti r igg.^ 
are plaeetl on the twigs and the smaller branches, 'rhi‘\- begin to hatch 
in Nlay, aftt'r thi' lea vt's are well opened. 'I'lie young aphids move to the 
Itiwer surface of tlu' It'avt's, and their feeding, as thi' colony increases, caii.'cs 
the leaves to curl downwanl. 

In lati' .June an alate brootl apiiears ami migrates to near-by br:mchcs 
()r trees to start m'W colonies. It is after this brood appears that llicspccii- 
Ix'eomes .-o injurious. 


cmtdfij I foilin’ Fitch. . I />///.< 

In e;Irl\' M.'iV, Iftl.s, the ('nttiu<ins rnri-'riiii liccs at Ithaca beg, an to 'hoii 
the ti'rminal rosettes of curle<l leave' caiisid by Aphis rrntni ijifoliin . 'fhe 
rosettes turned n il. and the aphids within t Im in also were red. I’lie infcsicil 

branches remained de- 
formed and 'omcuh.ii 
stunted throughout the 
, season, a 1 1 II o ugh the 

V aphid' I lepai ted 1 1 oni I lie 

trees alout M.i\ 2(1 I" 
sel'k leguminous host' 
No aphid' ot t III' 'pecic' 
well- obsi'l'Ved the lie\l 
\ ear. 

tmiiipio llaii'in.. 

.■, 1.1101 iWoollv ,iphi-_ 

’I'lii' woolK' aphid' III '■ 

1 iceoiin' n ot i ee.’i h I ( ill 




I ally .lime as siii.all >'lii( ‘ 
.'[Kits oil the telldel ' ig' 
of ( ’rafaegiis. Ini' o'"' 
alili' si'a.son siieh ( " 
summer of Ihb^ ' 
come very eoii'l ■ . '11 
and I’over cut ire I ' ' 

by late sUintnei h ' " 

'File wiiter h.t' no 
t Ife root s ot f ' 


Fin, IW, rRlosoM* i,<>'f<aR( os i;\«rin.tiN 


infested. 
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jioini Dt' Aphis (drci'ii ai)liis) 

DiiriiiK .IiiiK* and July tlx* Micciiicnt sprouts of European and native 
liawthoriis are badly infested by ureeii apple ajjhids. Whenever the weather 
becomes unfavoral)le for their enemies they increase rapidly and infest 
entire trees or hed(fes, but fair weather checks them again. 

lirnnifitliiif I'itch, Rhoptilosi phum fAppk' hud aphis) 

1 he daik green stem mothers of the spi'cic's Rhojxilosiphum prunifoliae 
begin to apjx'ar on the liuds of native hawtliorns as soon as the bud scales 
liave separated enough to show the green leaves within. The colonies 
increase during .\pril and early May. doing souk' damage to the young 
leaves aiul buds, but before .bine they migrate from the trees to grasses 
and arc' not often found on tin; trees between early June' and late autumn. 
Till' winter eggs are laid on hauthorn twigs and buds. 


Coccidae 

cunu Houehc'. fxTiiniiini i European fruit lecaniiimi 

'I'he s(H'cie,s lx ran nun rnnu is often very abundant on the lower side of 
hraiiches of native hawthorns, and occasionally a branch is found to be 
almost entirely covered with these sc'ales. Lower or inner branches that 
receive' a scant v supplv of light appear to b<> killed bv thi'in. The voung, 
Hat scales arc' souteiimes \'ery plentiful on the leave's in late summer. 

Jiirfiini l'’ilch. ('hinnaspis i Scurfy scale'' 

The flat, whitish scale known as ('htnnaspis furjnni is very common and 
noticealilc' on the' bark of all Cratac'gus spc'cic's which the writer has 
oliservc'd. rile small, elongate', white', male' scales are often very abundant 
on the' leave's ami bark of ( raliKipis pnnrtntn. I hi' injury caused by 
llii'sc' scale's is not not ici'able'. 

I" nnrnixiis (’omst., A spiilinliis (Sail .lo.si' scale') 

Although the' San .lose' .si-ali' is fairly common on all spi'cii's at Ithaca, 
'I lines not se'i'iii to iticie'a.se' rapidly e'liough to bt'conu' injurious. It is 
moil' comnionlv found on the' smooth iiark ol young tri'i'S than on old, 
""igli-barke'd tre'c's. 

ninn Linn., lx jnilasaphrs i ( )y.s|i'r-shi'll se'ali*) 

1 he' ovsti'r-she'll se'ali' is e'limnion on the' bark of native and Luiopean 
bawthorns, anil a fc'W badly infe'sti'il braitche's have be'en fouiul. Cien- 
'■"illy, howi'vc'r, this spe'i'ii's .si'c'ius to be' unimiiortant as a pest of f rataegus. 

' 'b.s- Linn., Rnlrinarin t( 'ot tony se'ali') 

1 hi' si)e'e'ies J’ulrinm'ia ritis is oi'i'asionally lound i>n the' twigs aiul 
Blanche's of native' hawthorns, but is not ve'r\ abundant. 
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Thnpidae 

tritici Fitch. Hulhnps 

Xyniph.-i aritl atliilt^ of h'nl/in'ps tntici art* vi'i'v coiniiioii in flower^ ;,ii,| 
tlowcr hud.-t of native lia\vthoiii> in Aitril atnl May. Man\- fiowiT hinU 
fail to oi>cn. and iii'iii** of tlicin an* ftniini from one to :i doz"n or tnoic of 
thc.'tt* thrips. 'I’licy wen* cxct'<*thniily aliimd.inl in tin* ( 'oiaicll rtiivci-ii\ 
arhorctntn in I'tlS, ami very few hawthorn-; there liore fnnt ihal \iai. 

COl COPTKRA 

Flaferidae 

'iuhiUins Fee., Lnnunins 

rin* lieetle.-; ot the <|x*cies /.o/eot ' av iluhi hin'-' ocea.'ioli.illy :ire loiiml 
eatint; leaves of nati\'e hawthorte- in l.-ite .\I,a\' and e;nl\' .lime. < )ii .Ma\ 
•'ll. ipllt. one of rht -e click Ix-elle' W.i-- foUIlil otl ;i t 'n/t/io/a.; /aaO,..'</ 
leaf where it hail heell feedillir. and Wa.- alf.-n-keil hy .’in adult pelll.-ftnlniii 
A ptli lini.-i fiiixit .^his I t.illas. The latter h.id it- Fe.ak in-erlcd inin ili' 
which died while lieiim c.iiried to the lalioratoiN, 

jtuhf.'^rnis M.'I'h.. Ai/rniti'i 

’rile heefle- of Aiirinti-i juA )' mi n .•< Were ••atini: the |l•.aVes iil ( 
punrtatn on .May '2'A. 'I he .--(M'cii -. is md coinmon. 

Ml Initnhi.i -[I, 

’I’he Im’.'IIcs I)f Ml III mil It ^ -p. W-o c.lt ini' I h" I" l\e-. of ( 'ruf'l ' ;/'/ - /e' •" 
on .liinc tl and .lune S. 'I'he -jti cie- i- not coininoii, 

l>uprt‘»tidac 

III ruin. I .NIc|-li.. liniih'j-^ 

The Ix’t fles (if liriirhij^ inni^ni were found teedinn on ( rnlilKlH' /<"' 
leaves in warm 'iinlmld from .\Iav dP to .June 'Jil. I here were ciiiiiiii"iil' 
two or three to ;i le.if, feediui; on the upper surface ;ind cllltma ' ai ‘ 
holes through the leaf. .\s m.inv .as lifty of the Icetles were found e|i 1 
trt-e, while neiuhliorinn; trees h;id none. 'I'hey :ire from I to ■> millin. 
loim, tind are hrown and Hold in color. 

Scarabaeidac 

floiKjfltn hahr., Ifirhi Inm/rhn 

’i he lieetles of I hrhi lun i/rhn i lniiijitlil Were folltld fc'dillH ^ I 

linnrliiln foliaHe. six IxailH s'-en on one tree on .Mav .'{I. A seM'iil i 
wa.s kilhsl hv thris- ;i<hilf (c'ntatotiiiils of fir* 'p:'cii*s A /'•hi"'"' 
which wire feedlllH otl its hodv. 
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Ifslaccd KirOy, Dichi l(iN)/rhii 

Tlio Ix’ctlcs of Dtchihmt/chii l(slnnn were foiiixl on Crataegus tomenlosa 
on M;iy ‘20 and July 1. 'rh(>y cut incoular patch<>s from the 
c(li;(' of th(‘ l(‘af. 1 he species is not coinmoit, 

Chrysomelidae 

him alls Shev., Dihaha 

1 he fii'f'eii Hea l)eetles of the specii'-; Dihalia bareahs ;ir(‘ 2d millimeters 
loiifr. They f(X‘(l on native hawtiiorn foliaiie in Mav. as s'oon as it is 
cxitaiKhal. 1 hey hihernate beneath bark scab's on the trunk and the 
branches, and when warmed in tlie hand m I'Cbiuary they v('ry sooji 
become act ive. 

raiiiiata (lerm., IlaUica 

'1 lu' metallic violet or ttrei-n flea b -ale- of the si) ■ci''s Haltica airinata 
are 4 millimeters lon^. They b-cd on foliage of nativ(' hawthorns in 
June. *'rlu '\' are not common. 

l^ll|■u^rl(ns Harris, Ejatn.r 

Tiny sbininy; bluish b 'etlc' lev^ ihan 2 milhm<'t(‘rs loiijr. of t ho species 
h'jiitnx (“iciiini ns. were found fee<hn<r on Cralanjus iinnehita foliage in 
•bull'. The species is not common. 

hiLniiis l.inn., Cn /ihIikIi ni 

’rile shining gr('eni>h tlea beetle^ of the 'pecic^ C repiilaiiera hdxincs are 
J millimeters long. 'I'hey feed on the foliagi' of native liawthoins and are. 
b'e(|Uently so nu^ii'rous as to caiwe considerable injury. Tliey are fouml 
feeding in May, June, ,luly. ami .\ugu--i. but an* most abundant in 
late May and in June. The lieetles hibernate under bark scales on the 
I funk and the larger branche>, where many ol them die Irom thi' attack 
of a white fungous growth before >i'ring. 

inargiiialis 111., Sijsh na 

\ ellowisli brown, slender flea l>eetle> 1 millimeters long, ol the species 
t^gslriia mariji nail's, wi'ie found in .\ugusl and earl>’ September eating 
boles in letives of native Iniwthorns. Ilie species is fairly common. 

I'lHo.nda Mi'lsl)., Xanlhania 

Till' stout brownish or black beetles of thi- species Xattihonia viUosuh 
d uiilliineti'rs long. 'I'hey were found teeding on the h'aves ot 
' riilacjii.s punctata from late June to early .\ugust. Occasionally the.\ aie 
abundant as to completelv riddle the foliage of a tri'e with the lioles 
'bey cut in feeding (Wellhoiise. I'.U'.i). heeding punci me- are shown m 
bgui'e 1 10^ on ( |„, f,)|l()\ving page. 
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Curcuiionidae 

rriitiKfii Walsh, ('(i/iulru- 
rlit’liis l(^iiiiicc ciii-- 
... - ciilioi 

.ter---'' 'l’h(> sinian'-sliouldiiril 

lirowii hiM'lli's i'lf (' iiti II- 
Irarfitl us rniluuji ucic 
fuiltiil iiri ri^; the 

fruit of ( 'ratal 'HI Is fur 
• ■''J 5 fi-i'cliin' ami oviposit 1(111 
111 .Inly ami .ViiHiist , IlHs. 
ainl ill lati' .May aiiil .liiiii'. 
Ittl'.t. I'lii- l arl'- iiioiitli' 
of 1 !* I !) M en* iiiiicli 
w .a r MU' r t li a ii i hose nl 
I'.tlS at llliaca, aii'l tlu' 
prol)al)l\’ is the ('.'iiisc 111 
liio moat vaiiatioii in ilir 
tiiiio of tlicir apiii .’imiiiv 
'I'lic larval' i lovcli ip ii hiii 

t ho haws, hiiu on lln' 

pulp s II rr o II II il I n o i Im 
iari'o, stony smls. .\ 
larva coni m o n I \ cut' 
alioiit oiic-liall o| tile Ill- 
tiro pulp of till' liiiH 
U-foro oini'i t'inu: m 
a lariio. roiiml, oxit hole. It ihcii 
tho -oil ami s|M'mls tho wiiiici -i' 
hon coll. Ill .liirio. I!)|H, till- uiiici 


,'iufiuiiii, wlwri if flic huif J»v a larii*'. cxif Ih>m . 

hiirrow.- down two or throo incho- in llw -oil and s|M'mls tho wiiiici -i' 
a larva oiirlod ifi a 'inooth-wallo/l oarthon cod. In .Inrio. I!)l'', I n 
found mnotv— i\ larvao in tho 'oil horn-alh oiio ( nitunju-i pinuluUi n 
Sonic of thoiii |ii|p.ifod in ./iino arnl olhor- in ./ill>' 1 ho\' alo \oi\ i oinm 

on all the native }iaw thorn'. 

ncljulo.iu.i Jjc.. Aulhiiruiiiius iHaWlllom hio-soill woovill ^ 

One of the nio-r iiifoio-tini; ami injnnoiis of tho ins"cts 
hawthorns is Anlhnniuuu.-i ml/ulusun. a mioIiiImt of a \oi\ cli’stim lo ^ ^ ^ ^ 
of hlossom woovii' It- nimio of lift* ror^-inhlo- in Koiioral "S' , 

tho .Mexican cotton holl woovil, -1. tjio'ulm, and is alino'^l n ' " J 
that of llio i'jiro|)#'an af)plo-l>|os.soiii w*'4'»'il, A. /utmuruui (1 n " 

|l>f ll(}j. , ,, i,|,C- 

Tho orijynal doscription of ,1 . m hulosux is to Im‘ fp'nnl *’• " ' 

of tin- .Arnorioan PhiIi>so|ihicai Sm-ioty tl^s'onti', am ,i |- 

ploto do.-iTipf ion IS Kivon !>> l)iotz i|SMl.. In tho prosoiil -n 
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>nfticic‘iit to say that .1. lubiilo.sus is a lirown or s'iiyish oval boetlc, from 
;5.7') to 4.2') milliin(‘t(‘rs loiifi. poiKTallv with a whitish, V-shapcd mark 
nil the foro part of tlio (-lytra, with a long, slonder, curved beak, and the 
front hunur having two ti'cth on its apical part, one large and the other 
Mnall (Plate- LXXIW page 1070). 

4'h(‘ sjte'eies has been found in Xtnv York, New Jersey, Michigan, 
Indiana. Missoviri, Arkansas, and Fotii^iana, and therefore it seems 


probable that it is pn-sent whi-rever its hosts are found east of the Rocky 
.Mountains. Although Ilietz con.'idi'r." this species to be more charac- 
teristic of the i'iuropean ftiumi ihtin of our outi, no record can be found of 
its occurrettet' in Furope or elsewhere out-^idc of this country. 

Its hosts in<‘hnle ;i number of the larger-fiowt-red species of hawthorns, 
>uch ;is ("rr/hn f/as iiuiuialn. ('. firm in nil . ('. i/ruinoi^a. and C. mollis. Tlie 
sinaller-Howt'red spi-cies, sttch as ('. dxi/iicoiiUki. are not selected by the 
beetles for oviposition, probably bi-cause there is not space enough for 
the full develoiunent of the larva within the laid. 

d he injurv cau.si'd bv the' hawthorn blo'>om wec-vil is mo.st apparent 
whih' fhc‘ trees are in full bloom. .Vt that time the infested blossoms are 
lirowti iuid reniain closi-d. ()n badly infested tret's fully fifty per cent of 
the bloiNsoms tiitiv be in thi' condition ;ind the trees present a scorched 


appeartuiei'. .\s the young fruit Ix-gins to set. the infested blossoms com- 
niotily fall to tin- ground, but they may .-omi't itnes be seen on the tiees 
e\('n after the beetles h;ive emerged in Juni-. 

Th(> Ix-etles come out of hibernation and api'ear on the branches of the 
hosts idiovit inid-.\pril, feeding ravenou>ly on the buds, which ate showing 
grei'ti. It is not uncointtton to see a Ix-eth' with foot braced and beak 
inserted iii) to the (‘\'es iti a bud while it hurra'dly eats the tender lea\es 
within. As soon as all the hxxl within reach, of tlu- entrance hole is 
the beetle seeks anotlicr bud on the twig and repeat < the process itie 
puncture in the bud is round, is 0.2 millimeter iti diametei am inns 
dark as soon as the b.vik is withdrawn. The luesenee of the beetles may 
be det.-ctixl bv thissc dark round h..to. m the buds before the 
pcriixl arrives. The beetles , -out mite to teed on the biuF duimg ^a ^ 
Weather until the clusters Intve .'^ciiarated enough loi o\iposi loi 


niiring cool wiaither the beetles remain inacti\e, g( miall> 

ui II..- iwiBs with ii,.-i.- S 

"f t.-iliiM-rahin- t.i Ih.-ir iii-tivili.-s \\.-i‘.' iil.i.l' . -ill. , 

the bei'tles remain ituictive while l.he to 78° 

optitnum tempeniture is from (>0° to iuWerv bud. 

the beetles rush about liki- mad. attempting ^ i placed on 

I nder most conditions thev six-m reluctatil p,i doudv 

distasteful food they fly away. Th-y ->''’''''‘:\''':;‘,HTe.Xhig^ 
or rainy days and at night if the i('mpei.ituti m ■ 
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• SEIM M»HI M 

1 , FrrfJin® J jfi h<«« iK'irn fruit 2. Fis *•> tiif I i,fl ^ ^ " 

ovip^.«itin* in Ei«l ♦, f'J<>w«'r rrnrixrd la uliow full grr>»fi iut\H mi 

n^turni £. A»ii»lt l<'»'tl** »i, Tlir*#* Euf'n rorilntninK larMM’. iir>*l • 

l*|f / , h If)W*’r with p^-taU f r/ah*>w (nifm m itn natural poaitiuti 


f #»«»/ i 
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Tii(‘ period Ih'Iwtm'Ii tiu' oix-ninj' of tlu' hlossoiii clusters and the opening 
(if tlu! lilossoius tlicinsc'lvcs is the tinie of oviposition, and the length of 
this pc'iiod i)rol);il)ly influein'cs tin* amount of injury to a considerable 
extent. If il is proloitged by e()ol, cloudy weather, then eggs may be 
])l;U'ed in more of tlie blossoms Ixdore they open. In central New York 
the oviposition period is about. May b"). 

.\fter selecting :i suittible bloss(jm bud. the female makes a hole in the 
side of tin- eidyx with lier Ix'ak. Then, turning around, she thrusts the 
egc into tli(“ liole with her ovipositor, and moves to another bud to repeat 
the process. clear liciuid (ills the hole where the egg is thrust in, which 
soon hardens and seals the opening completely. The act of ovipo.sition 
reciuires aliout t(m minutes when tire tempt'rature is 68° or 70°, but it 
re(iuires an hour at b f°. 

'rh(' egg is i)earlv white. 0.6 millimeter long, 0.36 millimeter wide, 
elliptical, geiKM-ally tlc' saiic' si/.e at both ends but when tuckerl in tightly 
lict ween 'lh(> anthers it nuiy be narrower at one end to conform to the 
spac(‘ it fills. It is of almost the same size and color its the anthers and 
is'difflcult to distinguislt fiom them. The corium is smooth, unsciilp- 
tureil, and delicate, drying ami collap'ing whim (>xpo.sed to the air for 


one honr. . . j • i • 

\fter alxait a we(‘k tin' voting, wliite. curvi'd, k'gless larva is found within 
the hud. It fei'ds on t lie antlu'rs, and. as it grows, consumes all the inUnmal 
parts of the flower hut leaves intact tlu' wall of the nci'ptaclo and the 
closed petals wlueli form the roof of its house. Ihe petals become stiff 
as if ihcv were starcht'd, and do not shrink away as they turn brown. 
.\ftcr fci'ding for a couple of week' the larva is dirty white, is fiom ) o 

s millimeters long, is Mill legle.ss. has a smah brown head, and ^ 

curved position. \i about tins time it molts and changes o a white, 
free pujia ti millimeters long, with a dark eandal spine, two ' 1 , 

Lent spines on tlm apex of the head and seven. 

Itack on the head, .\fter j.upating .luring .a week or a httl.. j 

1 makes a ho!" ... the lop or llu- side of Us hous.' with its beak, and 


'"iV hills to fe.'d a few mmules after 

ill.' first, young thorn or fruit in its ixuliwa.e as i > ' ‘ a%erv 

hranch. The thorns of the current season s giow i s. 
attractive, food. .\ Imli' is dnlle'l ii.'ai' the lasi o , ■ ’ 

Iteetle spends hours witli its heak msert.e.l^ lu J The 

eyes, jnymg ami strammg to ei.laig.' j the seasons growth, 

round hole at tlio base of a thorn does not .w the vear the 

and the pri'senee of .such will indicate a a 

presence of the blossom we.'V.ls, Ihe beetles 'ttl.uls u, 
make several round holes in a single 1 rum pas never found 

holi's become brown 'uhno.st, imiuediateiy . 
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the tn'otlof! oatiiiR loaves or toiidi'r twifrs. hut they soiiiel itnes f(>e(l im ihr. 
sueeulent globular leaf galls of eeei(loiiivii<l lar\'ae. 'I'Ik'v will pum tiiii 
and ftH'd on young apples in the cagt's wlnui fresh haws are not to be li.nl, 
but the writer has found none haaling on appli’s in the fn'ld. 

.\fter h'eding for a week or ten days the Ih-oiIos may be found in copula- 
tion on the branehes, and a wei'k or so later, a,-, warm .luly weather couko 
they disap|X'ar from the tret's. 'I'lnwe kept in breeding cage'; |•■■nl:llll( d 
hidden in fallen curled leaves and lutllow twigs on the ground .all >uuiini r 
and winter without haaling until tlu‘ next spring. .V search for ihen 
hiding plac(>s in the field revealed a .^corc of the beetles iticlosed in ( iiiImI, 
dried leavt's oti the grounil beneath their ho.-'t trees. 

The lift' cycl(> may lx- summ.arizcd as follows; d'h<‘ immature 'tag;- 
b'gg. larva, and [)U[)a) are (aimplctcd within the closed blo-.-oni in fioin 
t wenty-.s4‘ven to thirts-five days, .and the remainder of the year i.' pa"ci| 
in the adult stagi'. The adults feed on ihorii' .and fiiiit for two or line: 
weeks aft«“r emerging from the blos.^om^. and then remain (|Uii'rcni 
among' fallen leavi'S on the ground until the next s|iring. when ihcs fnil 
for about a month on the bud' before ovipo'it ing. Soon after o\ if’O'H inn 
the Ix'ctles die. In New York the eggs are laid about mid-.Ma\ aiid the 
Is'ctles eriicrge from the blos.-oiu' in .lime. W' I) Pierce, in a letter in 
the writer, says the beetles emerge in laie Man’ll and early .\|uil in l."ii- 
isiana. The time of their development in dilTereiit lal it iidc' n dependent nn 
the oiMUiing of the hawthorn blo"4»m' in th -s’ laiiiiiile'. 

niimlH'r of natural ellenil'’' of the blo"Om Wee\ ll have bei n obsel\ei| 
\ arioiis bii’ils. e.'[X'cially .'jiairow,', pick o|H’n the brown blo'-oiii' to (at 
the larvae and the Jiuptie Pierce ( I!tl2 77 I found the weevils to be pani- 
sifizeil tiv Citliiliirrn.s hnuttn and .So/u/p/o;.' -p. The uiili'i' h.i' I'led 
aimtlier chalcul. Unhritriitu.-^ pnrni ('wbl,, from tin’ lai\.i of the \\(e\il 
the H'liilt parasites enK'rging on June Hi ami 17. 


' ’i" 

dinlll 


(jnmlrKjihhiin Say. T(irhyi)li rn.', (.\p|)le <’Urculio) 

The four'hunifX'il browni'h Iwi tli-s of the s|Mcie 
(jihhnx were foiiml f)eca.'i<inally f<’e<ling on the fruit of nali\e hau 
in June. Fruits of iinnrhthi were pul into ii’aiing ea 

Jum‘ 2.'). and from the-*’ fruit' five ailulis ij tin.- 
Jiilv |.a and Jiilv IS. 




specn s elm 1 1 


nil 

nil 


L|.PII) 0 I» 7 I.HA 

Papilionidac 

turnu-H Finn., /'u/u/io tTiger .-w, allow tail > 

The green larvae of /'upi/m Inrnuji, with their fwi’uliar e,\e 
foiiml feeding on the foliage of native hawthorn.s from June 20 to \| 
The sjx-eies i.s not very common. 
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Saturniidae 

to Fabr., Aidotneriti 

'I'lu' Atitonn ris io aii‘ not uiicoininon on tlie under side of haw- 

thorn l('avi‘s in late; June ainl in July. 'I'ln-y are v(‘ry characteristic and 
conspicuous. .V cluster of eires may (••jurist of a dozen or more, each 
laiT:(' ;ind cnniuiy white with a dark blue tlc3t on th(‘ ilistal end. The 
larvae feed in colonies on the foliajje durin>i July, .August, and September. 
They are at first dark, then green, and an' always co\'('red with a mass of 
tiark, stinging spines. 

■Arctiidae 

Harris, HnUsolotn (Hickory tU'-ock mothi 
Th(' blaek-and-whit('-tuft"d eateri>illar< of tlw species Hulitsidota caryae 
are fairlv common on native hawthorns during August. 


Iixsdfiris .\. and S., IldUsnUiUt . 

d'he,cater|)illars of t< '-.si /((/■(■'■• tire similar to those of H. cdryae 

and art' fttund occasionally on the loliage with them, but are not so 
comimm. 


ti xtor Harris, Iliiphniitnn : hall webworiin 

.V siuglt' colony of lar\'at' oj li t/i/hiitih'iti tixtor wa^ feeding on C rdUxcQUS 
jtniititisd on Jul\' 31, Ittl.s. ,\n egg cluster which wa.s piobabl\ of this 
species hatched on .lunt' lit. ainl the young larvae led on ( . lea^cs 

for a few da\s and then <lied. 


Noctuidae 

ooK naimi Harris, Acroniichi 

'riu' larvae of Arrdiiydii unh nomu art' gretni. with an abnndaiit coyenng 
of vellowish white liairs and a lew lt>ng pencils ul black haiis, a\ 
fotiinl feeding on th.' leaves of native hawthorns m late June and July. 
I’lii! species is not ctiiumou. 


(Irote. Actdin/ctu 

d'he hirvac of Arniiijirld ilddijltiid art.' t'ntirel;\ co\end wit i 
white; hairs and have thrt'e htng pencils ol black hails. ay wiie etc g 
on the foliage tif (' mUuiju.'t jtiiiKldld Ironi .\ugust lo to Imp tin hi. 
spi'cies is not common. 


lot I iroiiin (I. and U., .lo Oltlictll , . , . 1 • 

The larvat' of Acroiiurtd luliiroiiid They 

on st'gint'iits 3 to 0 and tufts of black hairs tin to July 22. 

Were' found ft't'ding oii^f I'u/'nt/R-'' l>ii'iii<itd k‘a\is tom 
1 lie s|>ecies is not common. 
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Walter H. Welliioi se 


ocddintalis G. and R., AcroiiycUi 

The larva of AcromjcUi occiilenlalis is hairy, with a dark h(>ad and dniMil 
stripes. The remainder of the hotly is at first whitisli hut in later siaijcs 
is redchsh. Larvae of this species wen* fta'din^ on I'ntUuyu.s jjiutctntii 
foliage from August 13 to S('pteml»er. The si)et ies is not eoiiunoii. 

pyramidoules Guen., Ainphipynt 

The larva of Amphipym pyramidiiuhs is green, with a white ilorsal 
and two yellow lateral stri|X‘s, ami is found fta-ding on iiativt* hawthorn 
leaves in May. Otu' larva construetetl a silktui cocoon among dead knives 
on the ground on Junt' 2 and the moth emerged on July IS. The specie' is 
not common. 

radcli^ci Harv., Acnmyctu 

The larva of Acromidit radchftti i< greeiii'h or hlaek, has a dorsal lini' 
of grwn or brown with faint yidlow ami red lines, has a hump oh semnent 

12, and is spamt'ly hairy. It feeils on the leaves of ('ndiuyus piuictntn 

from June 29 to July 22. 'I'he ,'pecies i,- not common. • 

supcrarts Guen., Acronyrtd 

The larva of Acrijifpin suptnitm is green, with :i IJack dor'al line 
widenetl into a spot on .-ever.'d ahdoininal segments and with the hot 

segment angularly elevated. There are few h.-iiis on the hod_\’. It u;i' 

feeding on I'mtiiHju.s punrtitln k-tives from June 9 to .luly 1, tind pu[)ati‘il 
in a silken cocoon among teavi-s and decayed wimxI on the ground. Tlic 
moth emerged on July 23. ( tnly.one larva was fouml. 


Notodontidae 

concinnn .\. and S,, Schiz’ira G{ed-huni|ss| apple caler|HlIarl 

The hrowni'h, red-hum(M'il larvae of Srhiziint nirtrnntti feed on k 'i\es 
of native hawthorns during .July, .\ugU't, and early September. < •'ca- 
sionall}' they defoliate .sever.-d branch •« of a tree, hut they ;ire not gein i:'!',' 
injuriou.s a.s i- Dnlntm rinniJni. 'I'hev -(•em to prefer appk' to hawoinin. 
On July 27, lUlS, a count wa-. made of the infesteii li<s's in si-veral i hi m t' 
where .seeflling afipics and hawthorns were growing togellier. 
the hawthorns were much more numerous than the :ipi)les, th' i.i'ei 
hafl fortv-six infej-ted trees while the former had only three. 


mnnUo Douh., I/di ronivijm 

The lar%';i of flilt rornmpn rnnnpo is bright gn’en marked with i 
wan found feeding on the foliage of na'ive hawthorns in late .lun' 
July. The sjH-cies is not very common. t)ne larva taken fiom a * 
punctata tris- on .\ugu-«t I.'> continued to fe«sl in tin; cage until ! 
2, when it wamlered away to find a .siiitaldc place for .spinning i' ' 
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life Inskct I'AU-VA OF THK (If;nus Crataegus 


iiiinislra Dru., Datana (Yollow-iiuckcd apple caterpillar) 

One of the most destructive spc-cies to both native and European haw- 
thorns during the past fmv. years has bemi Datamt miniMra. Very few 
trees have escaped witlmiit at h'ast one colony of these yellow-necked, 
black-bodied, gray-hainal caterpillars feeding on a branch in July and 
August. Many trees have had an entire branch stripped bare of leaves, 
and occasionally a whoh' tree has been defoliatetl. 

The light brown moths appeared and were found ovipositing during 
June and July. TIk' clustrTs of white eggs, each cluster containing from 
25 to lot), wen' di'p()>it(‘d on the' lower side of the leaves and were a common 
siglit in July. Tlu' larvae of a colony bi'gin to feed at the tip of a branch 
and migrate towar<l its basi' as they grow, leaving the bare branch behind 
tlicm. As they become largc'r they scatter to adjacent branches and feed 
singly or by twos and threes. They la'comc full-grown and enter the soil 
in Scjitemln'r. 

Si'veral observations were made to dctermiiK' whether the lar\'he pre- 
fer ha\^thorn to appU'. When conlined in cages they cat one as readily 
as the other. In the natural uncultivated areas where hawthorn, apple, 
and pear grow wihl, however, it was noticed tliat the colonies of larvae 
were commoner on hawtiiorn than on tlu; other tree.?. In one field con- 
taining .50 hawthorn, dt) apple, and 17 pear trees, 79 colonies of larvae were 
counted. Of tlu'.se colonies 50 were on hawtiiorn, 15 on apple, and 8 on 
pi'ar. 

L}manlriidae 

h'Ucosli(jma A. aiul S., //( rocuw/ai tWliite-marked tussock caterpillar) 
Till' larva of Ilinicrocainpd h with its bright red head, its 

reel tubercles on segments 0 and 7 of the abdomen, its fotir white tussocks, 
and its (hive long, black p<'neils of hairs, is a common sight on both native 
aiul European hawt horns. It fei'ds on the foliage during June and July, 
and tlu' hairv cocoons are common on the branches in winter. 


Lasiocampidae 


'iincricana Harris, Kpicnaplcra 

J'he largo larva of Epicunpiira (inicnaiiKi is gray with wdiite spots and 
two ii'd bands abo\'t', and orange with a row of lateral diamond-shaped 
black sjiots Ik'Iow. It feeds at night on ( ruhrii/tfs puiiciala foliage in 
■Inly ami August. The species is not common. 


"infrirann Fabr., Malncosonia t.Vitple tent cater]iillar) 

l>nring the years 1917 to 1!)2(), onlv the old egg mas.'^es of Malacosoma 
"dnrimnn were found on tlu' twigs of hawthorns about Ithaca. On y two 
' 'ili)iii(.j 4 of |;ii-\’!K> w'l'ia' seen on the lavoriti' host , wild cheti} , am on e one 
' olony on apple. 
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Waltkh II. Wki.i.hoi sh 


Geotnetridae 

cognaUirhi (lucii., Lyciu 

The larva of Li/cki cogDutunn is jri-ocii atnl is 1\ ci-iitiiii ‘tcrs loiitc. Ji 
has two pairs of prolt'frs. ('n its lu-ad arc hluiit horns, ami it luais a 
prominoiit rod tulMMolo on tin* noxt to tin' hmt sonniont. It foiaU dii 
('nitdigu.'! pii/Hiiitn ami ('. i>nuni>sd folia<io in .lulv. It is not a oomiiHiii 
SIH'ci('S. 

iniignnnus (itn'ii., Kminmits 

A moth of Hniiniiiiis iniigiinnus oiiioiiiod from a lirown silkon ('oc(j()ii on 
a twii; of Cnitiitgii.s jjnttiio.sii gn Soptoinl>or 00. M.ttjt'' woit found on 
;> ('. pnnctiita twit; on Xovomlior 12. 'I’ho Orounish lai vao. d coniimoiom 
lonn. worn found oc’oa.sionall\' m .May and Juno. 

pi/mfhnii Pook, Al-«>jihi.l/i : I'all oankoruorni) 

1 ho .'iiuill ttroonish or hrowni^h larv.io of Alsiijihilii puini l/rni arc f.ni'v 
common on nati\o hawthorn' in .M .•ly. 

.•iuh.'‘dgri/irtit.^ Hul>.. I-Aukiiho.s 

Tho whito moth' of Ennnniii.-. >nh-~iijiiitnus ottfiiti d on .luh' 6 ami .hilt 
is fr(jm [):ilo \ollowi'h [tup.ao \shich woii- foiitid lioil with 'ilk lu twirii 
tho I. ■a VOS of ( ' riitiii (jus piinrtdtii. .\ fow of the hrowti ;ind rod laiaac 'oic 
found foodintr on tho foli.it'o of n.itivo h.iwthorti' in .M a\-. 

tilionii Harris, Errnm-t I.inio-troo 'p;in worm i 

d’ho yollow-atid-hlaok-'t I ipo<| l.'ira iio of Hrnini^ lih(irni arc roiiiin"ii 
on native hawthorn folt.tiio m .M:iy and .lum-. 

(dt'u ('ram.. I’kijalm 

Two l.'irvao of I'hiijidin tihn wi-o- found foodmn on t '/utm ' /i .m/'''' 
loaves on Juno 2 ;ind .Jutio .d. 

Vfrnnta Pock, I'ah nrrih! .’'prim; o.inkorworiip 

d’ho larvae of I'ulmr/ iPi n nintii aio comtnoti on folitiiro of n.io • 
Kuro[M'an htiwthorti' in .M.ay ;ind o.-nly .lone. 

Scsiidac t Aegfriidact 

ariinld Harri', .Sosm 

single Crnldnju.'^ jinurldln tree ahont oiKht vi'ats old atnl •> l' ' ' 

Wits killed l»y tho iarviie of Sfxin sriluln. 'I'ho trunk wti' ctititi 1'. 
hy four I.'irxao which tunnolod lM-iio;ilh the hark two incho' .i* ' 

.soil. 'J’lw sapwood wtis only sliKlifly indonled hy their htirro^' n ' ' ^ 
They fiiipafed dtirinn .futie in silken cocoons ooverecl w ilh ft.o 
the liurrows, and the moths emeritod from .Inly IS to .Inly 2h h 
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iiifT, th(' moth puslics through one .■n<! of the cocoon, and then sheds the 
pupal skilly wliilc protnidinj; ahoiif Iwo-thirds of its lcn<ith beyond the 
cocoon. 'Th(! black, clcar-\vin<rcd moth has a broad and a narrow band 
of yellow across the abdomen. 


Pyralidae 

i/iili(j(‘iiiU(i Zell., (Leaf crnmitlcf) 

The cormicopia-lik(‘ winter ca'-es of Mininlu inilignicUn. a leaf crumpler, 
arc easily Siam on almo'^t :inv hawthorn trc(‘ during the winter, attached 
firmly to tlu* twigs and tlu' branches and often with partly eaten leaves 
attached, d'lu' larvae carry the cases with them and haal on the leaves 
in .\pril and M:iv. 'I'licy |iupatc within the same cases attached to twigs 
in .luiK', and iit Ithaca the moths emerge in late .luma 


Tortricidae 

nr(i!ir<ts^)il(i Walk., .I/t/h/cs i I'ruit-trec leaf rolltu'l 

'rh(' greenish larvae of . tre/n /).<■■ with their black heads and 

shields, are f.airlv .aliimdant <ui the foliage' of native' hawthorns during 
Ma>- anel are- feemiei eee'e'asieuially m June'. The'y tie* toge'ther a cluster of 
leaves and fea'el eui a half within the' e'luste'r. Moths emerged from the 
liirval ne'sfs in late' .bine' anel e'aily .iulw 


rhidiKis, 1 ) 1(1 Ze'll., Oh IId'i kIi v 

rile' pale' gre'e'ii larvae' eif Ohthn iilis cliiiiddsi )iiii fe'lel the' leaves of native 
hawtheiriis anel fe'e'el eui the' tipiie'r surfae'e' eif the' le'ave's within the fold. 


I'.ae'h larva feilds a single' le-af at a 
time', 'riie'v are fairly e-ommon een 
the' hawtlmrns anel apple* tree's abeait 
Ithae-a eluring May. Thi* mettlis ||v 
ehiring .bine' afte-r pupating within the 
lolile'el le-af. .\ few nieiths take'll on 
August 1 1 anel 1.7 se'e'iu le» illelie'ale' a 
se'e'einel breieiel. 'rheiLieitll (tig 1 1 1 ' |s 
hieewnish, with a large- white' spe>t e>n 
the* costal eelgei of the' fore' wing, anel 
lias a wing expan.se* of from 1.7 to 
b) niillime'ters. 



l-'ll,. Itl. Ol.KTHRF.CTES CIlIOVOSEMA 


>ii(hrnilntm Clc'iii., Aurijhs 

1 he gri'i'iiish larvai* of Aiict/Us rmlHCtihii a wi'n* touiiel in late stiniinei 
u! leilleel le-avi's of ('lulot (jiis pnDctotn. 1 he-y puirite'd in Alax and the 
moths ('ine'rgeel from . .biiie' S to .bine IS, 'I'lii' spe'i'ies is not very 

coinnion. 
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WaLTKK II. WkUJIOI SK 


ocfUiina F;ihr., Tuittoctni (Bud moth) 

The hrowiii'ih larvae of Tniiiiicini ociUana an* (‘oiiiinoiily found in tin, 
partly ofx'ned I(‘af Imd-^ in A[»ril and May. on Imth native* and I'iuropian 
hawthorn,*;. The* moths i*tner>r(‘ from the* larval nests in .June and caih 
July. 

prunirora Walsh, Ln-ipi i/nsin ii.esser apple worm) 

The small white caterpillars of I.iispi i/n sm prunivora an* vi'r\- coinniun 
in the fruit of many native* hautheirns m late* summe*r. 'I’lie-y e‘at mo*! (j; 
the* pul[) treem erne* siele* eef the* fruit, e-aiwimr the* skin te) sink in the’re* Th • 
larvae* ot the* se*e*e)nel jte'Ue'rat ieeei seinie*t itne-s re-m.ain in the* fruit .all uintir 
living within a mixture* eef .-dk aiiel pe-llcts eef fra-'s. Othe-i-s spin v|l)^, „ 
hil>e*rnae’(da unele*r the* teark eef the* Iriltlk ve*rv similar tee tlue^e eef the eaeillint;- 
meeth lar\’ai* hut smalle-r. The*y puieate* wiiiiin the* hi)ee*rnae*ula in tin* •■piiii:; 
anel the* meaths e'm(*rge‘ in May .-iteel .June*. In the laheerateery the*y e nii-iL'd 
in .M are*h. Meeths eef thee fil'-t ge*ni*rat ie en We-le* take-ll in the* fie*ld flii'.i 
.\ugUst‘ J.) tee .VugU't do. 

fjumlnfitsrntnii I*'e*rn , Kuhn 

The* ye*lleewish larv.'i" eef Knhn tpni'lnfit.^rutini tie* teege'thcr uith -ilk tin* 
le*ave*s eef te*rminal e lusfe*rs eeii ( ' iiihti ipt < p'lnii'ilit in .Ma \'. I'hi'y pap, it * 
within the* larval n. sts ami th ■ tiieeth** e-im-rg.* in e*arly Jun**. Tin* nin:li i- 
ye*lleew allei eeratlgc. \^ith i|atki*r eelihi|U** haneis eell th * feele* eMIlg** Til* 
Sf)e*e*l'*S IS met Ve*rv e'eemimen. 

ro'non nn Harris ( 'il{''irri<l I ( )le||e|U'*-h:inel.*i I |e*af reelliri 

l'lu-f(*rs fef leavers tr*(i teege the-l lev th'* larva* eef Citni nn eiesm* >; 'c; an 
fairly e*ommeen on all native* hawthorns in .May .ami .Jidy. Th** gi ,*ii- 
strifx*'! l.-irva, with it- hrown h.*.*i'l ami -liie l'l, i- ge*ne*rally fouml on a 'inul 
leaf uiie|e*r a -light We*le, fe*e*ehng on lem* -ale* eef the* leaf eenlv, \\ li II I'lT 
greewn the* larva tie*s a e hisf r eef |e*.*tve*- log *ih r to pupate* within. 
e*rn'*rg (1 friein tJie*-e* m -ls from .May ‘Jt* to .June* .dO, ami a - ii'n i m"'! 
e*me*rge*el fr<em .\ugU.*et I tee .\ugUst l-'e. 

V'ponomeutidae 

(irt nxf lln Clriii., Anji/n xlhift 

Tli«* -mall, gri*i*n, lelae*k-hi*.aiie*<l larvii eef Anji/rnithm nnn'i 
tlirougJi a terminal leaf hml elown int<e the* twig ami maki*s a Ie 
•side* of tlie* twig ahouf ^ ineh freem the tip, threeiigh whn li tie* fi > 

(ellt fef the* leUrrfeW. \\ he*II ehsti|rlee<| tjie IlirVll rUIl.s e|lllekly oil' 
tJi'* h'ele ill file* twig or iJie* hole* III t||i* lellfi, tee eseapi*. Inf*-' 
wilt .sfeon afla*r tin* larva ha- |i*ft the lfiir.''<i\v, ami then lH*e*<ene I ' 
elry, giving till trei* a fire-hlight«*ii .-ipiMarane*'* (fig. 112 ). I ir 
.s(ieeif*s were fouml in many native JiawlJiiirn twig- in .May. I Ie ' 
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twi^ wh('H fiill-Kt'owii, :u»l spiii n parclm)''iit-lik(‘ white cocoon surrounded 
by ;in open hiyiu’ of lacework a1t:iclie<l to tlie surface of a loaf. The moths 
enuTgcHl from Juiu' l.'j to June 00. A few moths taken in the field on 
August 10 seem to indicate a 

s('Cond brood, 'ria; moth is /i 

sh'nder, and is white with ob- 
lique gold biinds on the fon* 
wings while the liind wings 
are dark gray. Its wing e\- 
])anse is about Id milhiiK'tm's. 

It has a ju'cul ia r haliii of 
standing on its lu'ad wlien at 
rest on tlie leaves or tin- bark. 

Elachistidae 

flrtchd'tUn Fern., ('oh ophord 
(Figar oase-lx'arerl 
Tlie brown, eigar-.''liape(l 
cases of th(' larvae of Co/ce- 
pfiorn fletclunUd ari' common 
on all the hawthorns through- yj,, [].i of h.^wthorn- twig destroyed 

out th(' growing season. I'liey uy i.arv.a of argyresthia oreasella 

have Ikh'II s|X‘cially abundant 

and injurious on tni-s and hedges of CratanjuK oxyncaniha, the European 
hawthorn, during tlu' yt>ars I'JIS and 1919. Ihe motlrs emerged from the 
cases in late June and July. 



mihvordla Kiley, ('oUophont (Pistol casi'-bcarer) 

The curved Casi's of the larvai' of Cokophora malivordla irxivly 

coiniiion on hawtliorns bnt nol so uimmlant as tho5e of L . jie c ere a. 


xph-ndoriferdla Ghmi., CopUdisai i Hes])lendent shield-bearer) 

The small, v.llowish brown, whiter shields of doptod>sca splendonjerella 
are rather coinmonlv fouml attached to the bark and swinging in the 
wind on the branches of native hawthorns, and their blotch mines in the 
leaves arc not uncommon. 


Lyonetiidae 

pomifoUdla (dem., Bucculatrix i Hihbed-coeoon-maker of apple) 

The elongate, white, ribbed cocoons cl '”£ef “ hen 

<‘ointiio»i on nutivo hawthorns ami aro rallwr no lua e 
ttui Irons are loafic^ss. ' Thi^ moths in late May. 
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Cosmopten {{idae 

curnliiiftUa ('liamh., liln.-'tiiihiriiii (Hawthorn fruit iniiK'r^ 

'rh(' larvae' of liJnxti^hioin rnrrili/it i Ihi arc very ctiiiunoiily fuiiinl 
timru'litiy: in tho fruit of native' hautheirus in late .'•unune'r. 'I'hcy lieidii,,. 
full-eireewn in Se'[)te'inl>e'r auel ( te-leehe'r, whe'Il tlie'V le'a\e' the' fruit 
hurreew intee the' e'neU eif eleael twiirs or eilhe'l' e le'e-asiiu; weeeeel tee hihe ni,ili‘ 
The' hihe'fnat ieen e'a\ it\' i-; litie'el with -ilk, .-itiel in thi' e'arly -iiriiiu puiiatum 
take-s [ilae'e' the-re'. The' lueeth'e e iue'ri;e' in .M.'iy ailel .lune', 'I'hey are- m;i\. 

with tWe) eer thle'e' illeli-tiuet elu'k\' leillirit Uelilial slleert stfe'aks eili tli. 
winii', anel have' a wiin; e-xpaii-e' eif I le-ntiuie te r. 

'riu' lal\a I- fleem !• tee 10 lllllhnie-te-l' leUltr. Itf e-eileer it i< \f'l!i ne l^li 
white', with a hleiwn he-ail anel theeiae-le- le-d', re el -|)eet> Ile-ar tile' >1111 ai |i - 
more' eir le'>> hlae'ki'h amolu; the- -e-tae' eill till- eleir-'lim of e-ai'll -e-mni nl I'llI 
l■>|)e■e■lally neetlei-alile- e >11 tile' plotlieiraX allil the- anal - 4 'Ume‘Ilt, anil III. Ill', 

pate-lii"' eif hl.-ie'k -e'tai' aira ni;i -i 1 a- 
'lieiwil III fii;uil' ll.'l. It fl'e'll- nil till 
pulp eif till fruit anil li-av e- •m.iio' 
hlow 11 (le-lli i ' of l•\l•rl•ml'nt ui i in- hni- 
iiiw I'l-hiiiil It. *>fii-n line' ^^lloll■ 'ieli‘ 
of a fitlit i' iiiini-i| out, |l■a\nlL: "ih 
till' 'kin til i iiM r it. 

^riii' inoth> h.'i\'‘' Imi-u hri-'l fioin lai'.a' in < I'lliinius y//'>/oiii,Mi, n"- 
.f;i/i )<i/i V, ;in-l (' . thill } 'll in, /hii . all' I tin- lai \ ii- lia \ I n i il I oil in I in a nniiil -i l 
of iitlii'C nalO'i' hawtliiirii'. 'I'ln- iimtli h.-i' Ih-ih n porli'il hy < ‘liiiiii! ' i' 
fiom Ke iiturks 1 '' 7 - attil fioin < .'ina'la l'' 7 .'> . ami t ln•rl■^ll|■|‘ U pini-ii'!' 
oe-ciiC' tliriiUi'lioiit the- I'ia'flin .'>iai.> 

i-lii'e-iv ri'latiil i ,UMi|«'an 'pi '•|i-' H lulliiilhi I Hip,, fi"<l' in lla ."'ii' 
of hawflimn' iinl al-n I'oH ' intn vnimi' .ippii- 'h"i>i' iiaiii- 


5-’ '4 > 1 # 

Fk: I I-'I- i.\n\ K t‘r nr v-t-hm* \ \ 

( f U IN» M r V 


Dii'ii.i/ \ 

Cccideinniidac ■ Itonididac 

ilh^ilhi I nil 1 -i'lf, It’ h I Zulu il"l 

rni/ili Ijifiihil lilt, ! ,IihIi jilii^i - 'H.awthorn fl inye'e l-rUJ) yall ‘ 

.\iiult- of I'litli l!liiZ‘iiit>l"l nli iiliri III' ali'l ! ,! ^.Iifli plm' < ri'i>i' 
have- lie-f II ii-aii'd li\ Dr, I'e It from lai v.i" in tln' KalD. I he- l- 
Ifre'iiii ;i ml < U|i — h;i| kiI. ami an- <-oviT<'i > \tirnally with I'lUml-t ip) " • 
I or milliim t -r- in iliarni ti r ami atioul tin- '.aini' in hi inhl 'fiL'' > 
lloi, 'I h'-y oi fiir iiii the- lame r vi'iri> .'»n<l |M tioli "4 of li'avi ' im! 
e inl-i of \iiunir twit;' of ( ruhiii/n^ iiriinumi ami f . iiiili'i'iii'iinlh'' 
t;a!l-! an- e.-ommoiilv f'lumi m a "ii tlio 'time' or iiiljoinua.' 

Thfi'<' rill till- [i-ave-M arc iiti tin- ujijK-r 'I'l'', hut I'xti'ii'l throutth o - 
to form a .>mo<ilh. -I'mi-trlohuiar 'Wi lliriK on the lowi-r .>iili'- 


iii-i 

■ ih' 



Kir*. II.). (’ROSS JiKl TlON" THR01'i.iH A THORN' 

KUINlJKP'Cl I’ OA.IL 
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Waltku H. Wklliioisk 



\Vliit(' l:irv:u>, 8.') inillinii ii i., 
loiij; and with a distinct hinwn 
hrcas'-liDiic, were' found, one in 
each ^all. in June. 

cintdi ijijitliii {•'('It, II (I r nui /II I// 'I 

('I’liorn cocksconil) ijalli 
(in'i'ii Of rc(l cock'-conili-like 
>iall' (fins lit) and 117 ) |)fodiicnl 
liy H<i/ //iii//iy'ii r/'iit/if ijifiilin ntv 
foinnl on the upjH r or the louei 
'ide ot leaci's of ( ' /■iitni iiii^ pni- 
//ei'//. ( '. //iiin'i/spi /■//in , 1111(1 ( . 

I ni l / III II , The \- are often in l'iouii' 
on a leaf or n ehi'ter of lea\ c', and 
each trail include- a vein Tl'e 
trail i- Ifoiii S to 12 iiiilliiiieler' 
lonir and o inilliineter- liii?li and 
I- o|)i'n to the Ollt-nie h\ a leiitr. 
naltow -III on the oppO'lte -ide 
of the leaf. The-e trail- aic found 
in .UitrU't. 


1 1 mil I'elt, l.iiliiipli riiiin/ni > rhoiii 
In., Il'i TKoRV I <e K'< own I. O I Mlllirall/ 

Hoilinl Of o\'al. thick-w.ailed 
irre*-n irails (fit»^ lls an<l 110 ( from o i., v milliinetiTS lonir, prodne d l'\ 
l.iifiiipli niiiniiit 1 1 lull, are fonnil on <*ithir tin- iipiM’r or tin- lower -iiila'' "t 
|e;ive- rif t ' nitili ipi.^ pitlii'/ilht. Ihe trail o(»»n- oil iheoppo-ite -ide "I 'I'c 
leaf liv a narrow -lit whicli eNteinl- tin- I’ntire li-ntrth of tin' fall iii d"' 
ihrection of the vi in. It alv\ay- lnl•hl<ies one of the lartrer M in- 
trail.- are fairlv ahiindant in .lime, when -I'Vi ral may !»• found on eie leal 
ami all the hate- iii a ehi-ter are ihdormed. 


( 'i rulni/i i/m -|). i;i hSU) l'el|. 

iThorn c|)indli* t’.'ill; 

Re<l or trre<'n, tdontrafe 
.■‘f)indle--ha(»'d E-ail- ( fiir.-*, 12^) 
and 121 1 2 millimeter- wiile 
.and from .') to ID millimeters 
long, producefl 1)% ( ‘i rn/inni/in 
.sp., are found on either sale 
of the leavt's o/ I'ruhuijii.t 
pundaln. The gull <)|ien.s hy 
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I t'.. I.’l!. lll'iIlN 'I'lMMt. <.M!' 



f'lli Il'I. f RUSH nr.lTDiS Tint'll «. II A 
TIKiBN .<IT.M>I,K (lAl.l. 



T.ik I\sk(t Facna oi- tiif; (Ien'us Crataegus 
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, s., 



I'll.. I'-’.’. I’lM. M'l'l I. '■ 'll ' 

:i li'iif iuul it i.' I'niiminiily nii tlii' 


a loiifr. narrow slit on the oppo- 
site side of the leaf. These galls 
occur v(‘ry commonly in groups 
on the .same leaf or on adjoining 
leaves. A single yellow larva, 

1 inillinK'tcr long, and slender, 
i> found in each gall in July or 
.\ugust. 

Pineapple gall (maker unknown) 

Hcd or green spiny galls, 
.-liaped and armored like a pine- 
apple (figs 122, 123, and 124), 
3 millimeters in diameter and 
.-) millimeters high, are found 
on ih(‘ upper side of Crataegus 
ininctiita leaves in July and 
.\u'rust. The pineapple gall is 
(hick :md is covered with fleshy 
^|lnles at the base, but becomes 
dendi'r, with long, slender 
-piiK's. towaril the apex, which 
■ (' composed of two flat, leaflike, 
vertical plates. The gall opens 
hetwt'en those two plates. Gen- 
erally. but one gall is found on 
midveiti. 


Trvpetidae 

/cw/mtW/u Walsh, /.'/)U!/c/«h.MAl>l'le nniggoll w - n 

The maggots of UhunoUU^ C^brnimrdi, 

lro.n thefr,.,tsoftm/m;/;js /m^ live; also in the fruits of 

and (. nuicrosjx'nua. 1 tie sp< ( ■ I" 

other large-frtiited hawthorns. — ^ 

Xo larvae havi* lieeii found in J ^ 

the snndl fruits of /Kojlurialis '^nD |V( (v'^L^ 

and C. osi/acaniha. althougli L 

thi'.se htive been earetull.v \ 

watched. The maggots leave' 

th(' fruit to enter tlie grouinl *' 

in autumn, and the flies eiuergi' 

from the brown puparia in June ^ 

and July. 
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All of the flies reared on hawthorns art* «><iual in size to those' rean'd on 
aiiple, not small like those reared on the hhu'ln'rry. ('e)unts wene' niadr 

e)f the' infe'ste'el anel the 
nninfi'ste'el fruits fioin 
a seiuare' yarel he'iie.uh 
e'aeh e>f te'ii tre'e'seif the 
thre'e' siH'e-ie's fir^t inen- 
tienie'el in the' preeeil- 
iiiK learaKi-aph. The 
e’eeunts sheewed that 
freetn 20 tee 2 .') peT l eiit 
e)f tlu' sample' taken 
we'ie' infe'ste'd hy till' 
r'le;. 121 . CRo-is 'Ei Tiov Tien'ie e.ie’^ ri vr. epi'r.K <; m i. mailjteits. 

Mi.NOPrr.KA 

Tenthredinidae 

ci-ni.yi lamt., Citlirnii i I’e-ar and e'he'iry shiiii 

'I'he* 'luKlike' larvae- of Culiiuit evre/.'/ we-re' m a fi-w leie-ahlii-' >n ahiindaiit 
that the-y de-foliate-<l a f<-w native- hawthiirii' and injiire-d a nmiiher ni 
e)the-rs. In .\unu't. lOlS, 'i-ve-ral tn-e-' mi the- < 'eiriii ll rni\e-r'it y i-aiiiiiU' 
we-re- e-e)m[)l( tel\- defoliafe-d. while- iie-ii'ldieninu tri-e-s wi-n- iintoiieheil i'\ 
the- larvae-. 

Savvfly No. 1 

On June- 2J. lOI'^, a leaf of Cniliitiju-. iiniiniisn wa-e fedinel with a lev "t 
foiirte-e-n e-HK' Uwrted in fin- mal'irm. 'I’hi' emt' hate-he-el eiii June Js 
arnl a reiw eif liitli- uri-e-n larvae-, with lame-, hlai-k he-ael' aiui iiiaii\ l-iaek 
elots .'i-a! t e-re-el eivi r till- liexlv, tie-uail tei te-e-il ure-Kai ioU-'l v oil the eik ' "I 
the- li-af. -Ml eif thi-m ele-il within a fe-w ilav'. 

SawMy No 2 

On May 21, 1018, -.e-ve ral me elnmi-'ize-ii .-awfiy lar\ ae-, hnuht ite 'i 'll 
eive-r, we-ri- -e e-n e-afllin 'i-parate-ly etn the- e-dne-s eif < ' rulnt ijiis /> ' 

li-ave->. 

Sawfly N'ej. d 

Sawfly larvae-, with re-el he-ael.-e anei yi-lleiw l»e)elies marke-el "ill 
line-s ami ehils, we-re- feninel fe-e-elinK on the- le-ave-s eif ( 'rnhti {Ills I ' J'l 
in late- .XllKUst, 1018. 'I'he-y we-re- fe-e-elirnj twei eir thre-e- |ei( 4 ethi r m I'l' 
ami fifte><-n larvae- were- take-n fr«iin »im- tre-e-. \\ lii-n tlie-y he-eain- 
2 e-f-rit irnf-ter.s leirfK, em Se-pte-mlie-r ! ami 2, the-y .spun hremn e-oei " 
the; greniml amenif^ ele'-hri.s. \ fre-e- with te-n larvae- eif the- .-'aiue i ' 
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fiM'ding on it was found on Sc'ptcnibpr 19, 1919, and these larvae spun 
cocoons on thc' ground on Septeinlx'r 22 and 23. 

Sawfly Xo. 4 

A few laiA'ut' 21 centiinet('rs long, with black heads and yellow bodies 
marked with black lines and ilots, w('re found h'eding on the foliage of 
C. pniuiosd in .Inly and .\ugusl, 1918. They spun brown cocoons on top 
of the ground, in the cages. 



loss 


WaI.TKH II. WkLLIKU .'<K 


i.iTKitvTriti'; ciTi;n 

Bakeh, -V. ( . 1 ht' \v<)()lI^■ ;ippl(' aphis. I . S. Dept RcdI |0| 

1 .V). 101.'). 

( H.\.\!Bt:Ks, r, {/ililstnildoiil CII ill li Hi i lltl] O'? I'liiTlIllli i llil . X >n 

In Mi( I(.>-L»'pid()ptfr:i Caiiail. riil. 4 172 I7;i. IS72. 

[liliistoiliirnii citn iliri, , Ihi] (; hirri.^lut, lln. X sp, In 'rjnrina 

friiin ( 'ariaila. ( 'aiiail. I'lif 7 2l(t, |.s7.-) 

( .r.-iiM.w, H. 1 h(' rialivr tiwHl-pI.iiii- of tin* appli' I'cil-tiiiijs I'lit 

Soc. \\’a.'liiii<;to!i. I’rm-. |H 1!M> llUtl 

Dif.tz. (i .1. Ill hiilii-.li ^ I.oi- In Rcvi'-ion of tlw Lji'iii'ra aini 

spci-ivs of .Vntlioiioiiiini inlial atiii*; Xortli .\iiirt iia. Amcr Miit Sor 

'iVat!- IN 2o;< ■2m IXU. 

I-'ki.t, Kimikmm Wild Ihorii In ImmmO atTociin^ p,.|ik ami 

wiMxilatid tn'-' N'i vs \oik St.iio .Mn- .\Ii itioir N- 7.'{1 7dri I'.KHi 

N I) II ^ I’l iifliili liil hilltihi Ijow •«pri'|''^ In I'lir '.' 1 ‘liim 

( 'orvthiirha Stal .\in.T Mnt So.' Tiati- 44 0! I'.HS 

IIorwiM,-", H I'. ^ ' /■> tnuiinn liti'h In Th.' applo ami p.ar Murfil’i 'i- 

.•|<|s. X"<''V \'ork (i<li.‘\a .\i'r Mxp St.'i 'r.'i'li l.iil 17 OH) 10.') lom 

KaI.TENH \< H, .1 II Dl'- I’llall/i-lift ilid.' alH .liT Kla.''. d'-l lli'i kti li. 

p 1 viH ' R.'f. ii'ti.'.' oil |» 2<)7 'Jlo ■ ls7’2 

Kn) ni, I’ai I, ( ‘rafa.-mi-. I, In iian.ili.Hik of fiowor pollination, 2 
■'18-S. 'I’rati'l:ii»'i 1 liy .1 R Ain-worth l)a\i- > lOOS 

I.nf'oMf:. .Ioii\ L .1 III hiihi.'ii I. n .'p In 'I'hi' Hhyncliopli'ri "I 

.Vm.-rii'a, norf h of M.'m.'o Ani'-r l’hiio'i>})h .''oc I’l.x' I.S 10. i''.'' 

At -ri\ W. Xofi-i on th.- iimnaliirf .-.tap',' of som.' i:: I'l'N 
(if the ironu-s t'orNtlinca l'-%',h.' 10 127 12.1 l'.)(K{ 

I’\( KA(!i>, Ai.i-mki .1 S [n-cct- ;inV. linK the wild ihorti, / ' 

rnport of tho I'nitcd Stat.-i I’.nloiiiolot'ical ( 'omini~-ion "i ' 
injiiriou.*! to fon-t and -htnlc Hc*--. p .■■»;'.2 .■)d7. |.VH). 

I’lERt i., W . I)WIOHr d’h*' in-m-t •TH'Inl.'S of the I'otton l"'ll 

r .S, Knf Riir Riil 100 1 'Kt |0r2 
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'I'liKOBALD, FliKo \ . 'I’liF app’c* hlossoiM woovil. In The insect and other 
allie<l pests of orchaid, t)nsli, and liothouse fruits, and their prevention 
and troatniont, j). 10-1 110. 1900. 

Weliaiovsk, A\'.\i/ri:u H. Xanlhunid viUosula Melsh. injuring forest 
■ trees. Joiirn. econ. ent. 12:390 397. 1919. 


M(‘nKdr '^tuthes ui }*'U' n . ii ith '^prt i>il }{• u rt n f in L'^i-Qci :li/, the fourth preceding nuniber in this 
Series of nul>Iicali')rj'», was maili d on Man h l‘»JJ 
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Ai’AnixA 


CATAIXKl OF IXSFX'TS INJI lUOl S TO C'UATAKCfS’ 


Acarinla 

arm'-itUif Can , Kpe/rimrru.^ . Fhiii. Phi/lliCHjih.lu. 

Host — ('ratiit'^us oxyacuntha. 

Injun/ — Forrn.s galls iin l<‘a\i*s 
Dxstnhuti) — Karopt'. 

Ht‘f*rrf c s — H )u\ni. (' I-«'s ties pl;'.ntt‘s d’ Kur<>|)«\ i pMKS 

Tht‘<»l>al(i, K \. lio.trd Agr. I.ondon. i<) H)t’» Ilf) I'U'i 


cabjrt\hi)is Nal . Kri-iphy^-< Fiiiii. Kncjihi/vi,!, 

Host — f 'riituf jus i‘T'/<n‘'inthn. 

Injury — l)«*forn’H l«*:i.f l>uds Aiid rAU-H 's th»*m to rli svil. 

, IUstri^oiti,>n — Kurop<> 

fifi. — Iios>. 11. Ui'' Ftl .\litt**I- itml N’ort|**urop;ts. p. FtJ IMII 


f'an . Erinphyt^ F;‘.rii. h'ni'jthiiulr.e 

Host — t 'nittin/us i>i>jiir>inth/i 

Injur*/ — Forms galls on Ir.iv**s. on both njifMT nii«l |o\\» r ■'Urfnrr^s. A Miigli* l»;if rij:i\ 
ha\>‘ a humir^-il gaiU on it 

• Kuropo • 

- fonnold, F f. Hriti.-'h g.ilb p l-ij I'***"-* 

NS’ai.’^h, Kn >ph'{r< Fani K\\<>ph’i\ili> 

H'f^ts ~ < 'r-it i»' /\i-< ^oro^^'■<X. f’ r-’i'.-yiilt 

Ii'jiiry — Forms I'urlo-l U* d gaIN on upp«T **.•!»• of if* 

(}i<:nh'itinr\ N«»rth Afji'TU' k 

I{fjtr*nit- H IJ In* Flnl.t i< lp'it i 6 iSiUl 


g>in\nthoriix Kri"j>hj*s ’ Fam o'lo 

SyrUfHyms ■ Krihrum "ly-u' xnth'U Arr> . Erxftnm > himl* (»r*‘V 

H>**t - < 'filtiU'iJU^ ••ly-ir 

Injury Form.s gaMs "H id IuInm of I- .wf. »' tlt'-m to rurl dow iiw -irtl ;ui'l 

U'oonn* thi‘ k»Tn'd 
I}i*trxhutinn Ktirop** 

Hrfrr^nr^^ Kaltonl) arh. .1 M I’fi k'i/'-iif*'ifid»*. p J1.5 IsTJ 
f’tinnold I' I liriTi-*ft *. fcl’I*- g in'!, p Id'' 

pth)mis r*nn , 7’*'friinyrh>n I am Ittio- '* 

H'fsU f’raf-V'gns, Nf-ilu-*, rrofo:** 

Injury F»*«*<l.s on ■< < .in-tirig fo »iirri br 'HIijs . 

I)\fttrif/uti‘>n I.nropo. \i rfb Am*T»* i 
Urjrffnrr f -tn ♦•Tit H •»'* I*tJd 


pyTfi/-arithftr fdnk , Kf\nphyt-( fain !■' 

Hosts (Wfitnr/jus fmrkrti/it , pyr>irir,lh>t 

Injury galls ^bilN flat, fdiltj^h, rovTcd with 

rapitat^ hairs. 

I Aistrih utiifTi \ • »rt h A m*’ nr a 

ilpjrrt^urf — f*hadwifk, Ct If \»'w V i>rk St it«' Mn*« liul I'Jt Idl I'M*'' 

pyTt , EriO'phyfs ' IVar l^'af bhsf»’r fam ^ 

Hom - Pvrus. .\fahis, f^V.dviOW, f’vdonia. Sorbiw. Arnrlarirhn*r. 
injury .Xfak^'S V'dlowish or r»'<Jdl.sh bh«it»Ts on [••avrs. 

• Th#* ar*' gro'HKxt A''r'.fi|irn to ordi'T, in I ilnh-ito-iifally by 


■i 


'hlf 


1-r 



Ak’ARlNA — Ortjioptkka — Ddon'ata — Hemiptera 1091 


Disiribulion — Europe, North ,\rncric:i. Australia 

References — SliriKerlaiiii, M. V . and Cro.sbv, C. R. Manual of fruit insects, p. 227. 
Itll t. 

Wil son. If. F. OreKon Anr. Evp Sta. Bien. crop pest and hort. rept. 

2 12:i. Kll.'). 

telanus I-inn-, Teirnni/rhti-i i Red spider' Fam. Tetranychidae 

(.'see p.ajte 10.')1. ' 

Enuphijes sp. (Ifawthorn .seTlKuitine Rail of Jarvis' , Fam. Eriophyidae 

Has! — Crat.aegus. 

Injury — Makes loiiK, irrcRtilar. wavy Rall.s on upper surface of leaves. 

Ihsirrimtion — North .\nieriea. 

Reference — Jarvis, T. I) Fnt Soc. Out Kept. 37 130. 190(3. 

(Figs. 102 and KKl, pages lt).")2 and 10.'>3 j 


Orthoptera 


nltnnis Riley, Meliinnplif^ 
(See page lO.ot i 


Fam. Acndiidae 


hintallus Say, Melnnnptns 
(See page lO'il.i 

fnnur-ruhrum lie Geer. Mihinnplus 
( See page 1 0.') I . ' 


Fam. -iendiidae 
Fam. Acridndae 


iiii'fii.s' l)e Geer, Oeemd/iii.i 'Snowy tree cricket ; FAm. GnjUidae 

llnsl.i — Malms, Rulms. Sahv. Crataegus, Flmus. (Juereus. and ether species. 

Injury — Female slits hark to deposit .'gcs. Slits give entrance to cankers and cause 


S''ar.s on hraiiehes. 

Dislnbutinn -- North .\itienea. Cuba. 

Reference — Parrott, 1’. J . and hulton, B. B. 
Bui iis.''. 1911. 


New York (Geneval Agr. Exp. Sta. 


OnONATA 

,. 1 , • 1 , , Fam. Agrionidae 

finals V. d. Lind , Eesles 

Hosts — Crfiliieijiis iiiyncnnlha and other .'peeies 

Injury — Oviposit ion punctures in tw igs cause galh to form. 

iJistribiihiin — Europe. , 

References - Pierre, P. F. M. Rev. sci Bourtionnais I? ISL ‘ Kl-. 

llou'vnl. C. Les r.ooeeeides des plai-tes d Europe, 1 oU. 


1908. 


Hemiptera 


Fam. Coccidae 


urcri.s Sign,, Phentcoccus i . i t- 

Hosts - Criitaryus ox'/nciinlha and many other wool \ p an s. , ,,-(,„„ds Some- 

Injury - Sucks sap from tender hark of young shoots and calloused wounds. 

times srrio isly injiln'sS jenpe. 

Ihslnbulion — Kurope. . <^,.7 

/f,^re,.res--.Li.id.ngvcIe Econ.'^roc. 2' 142-160. 1014. 

Fain. Miridae 

omhigxms Fall., Fs'iUus 

lIoMsi — Cratacjcus, I’yrus, Malus, AIneti>. 

Distribxiiion — Kurope. . Tr„r.Anxo I 105 1S7S. 

/7e/cTences - Router (). .M. Hemiptera g.vnuioeerata Europai I lUo. 

Loonardi,G. Gli insetti 4 Ox 1001. 
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Hk.miptkha 


bitkeri Coweii, .-lyi/iii .('lover :iplnil t/W,/ /, / ., 

flnsti — Malus. Criit iesus, vlnver. 

Injunj — Sucks juici- from o|H'mni{ hmls of fruit tr<‘<-s, 

IHstnhation — Vorth Americ.i. 

Reftrtric 1 — (^uuirituiice, .\ I,., luuf Hc-ki r, A 1'. S. Asr. Dept. I'.irmer-' l„,| 

sift 1.‘). 

I’.iteh, M. M .^f;u^le .\irr. I-At) St;v. Kill. 'J7II: t*. I. ItMs. 

tx^lbiht tilbson. Cin iitbni-hti I-'am. '/'o c" /,■, 

- < 'ruUu'jUi r (\ putu'titftt, i\ .I/n'm incift/iy 

lT>jHrii ■ Hdf’i ytunii? ,iiul -viiilt \mi'< ’<u*‘k jun-*- fr-»fii !»• cr-JiNinic iIutm t'» turn Itr-ur: 
:\nf{ <ir< -p ofT 

N nrMn'n-'t^-rri I mt*Mi St (\vn »,4l t. 

(litwin, }]. II AriK-r l!ttt ><►»• rr.iti-s (1 'i.i I'MS. 

4 \\tIih"Lw. \\ H J-'urii If. II cut 12 Itt 

I.WIl .ui'l I. Will, p.ii:* - nr*'.t. 

iktr.. Kpi'ii-'i'f'i* ^,u^"J^4Mrl s«- vl*‘ l-’:irij .i<, 

* A'/tw/' > «.p{ s /» I Mj»fi . t. ;•< I f’l'i'i'i- /fjMt'olv 

//'"■■'i r>ru-«. I’ninu^. ( 'r.it.i* ifti-. ‘ahir spi-t-H >* 

/r-jur</ Nfry injurious t.i twm-A ‘.nii hr^n* lif^ nf .vppl»‘ :in<l in '"Mfli-ri' 

Kur'tfMn ^^h»T»• tfi.- I. irk in. ru^t^l * 

/;/.•'/ .ufJi -n'l rur'*jN*. I nit.'.l Sr it. - 

litf.!, < rt"< I UnilfUr.T, I. ] >!•• ImMI lU-s--. p 2|.l I'OJ 

1 f. In/irn*'!- iii'l K.-n» ti. 1 il III' ■ t-. (.f t ' iliU.mM. p 172 l"l*i 

T'lrg. /.»' 1 .iin ( ' ■ 

--r , [r^trfhi M.-.lu-. I'^ru- 

If-jur'/ >4' k-i Ip r'r .fn I* ifk. ' »n!» »in killutic y..tmic Jr-** - 

n l-.urt'i)''. \'*r^h 

Ft f t - S« rau«T. I* Jf.anll.'n li 'I* r P^l.UJ^••nkr inkl»« jt4 ti .? 

lU'U. H. y :in«l II In.liUii Mat.- Knt Ann r-'p? ^ -'•*! 

S,a/nl . JpA'.? l.ornc-lMMK***! r aplml . )• itn .1/-' / • 

( r it 'l‘>n;'i. Mvru**. < i 

Ir^jnr-f ("lirl'i an. I t'lrtM purplmh th»* •^■rrniinil of ( ’r,ir,i»*uu.s sho. » .lurnu I.-' 

\ /iito»i St 

Uthrcurt' I’, if. It. I. M ./' urn ; :£r. r* -*. .1 III 

Aruo n#'/i ( iih'^on. ^ '"^r '/A '/. A//. l.iin / 

// ,,*i i > »r 

IfijHry Surk-s jun»* front 
I}i.*trihutiiin SjifliTii I nit".l 

li»ftrfrirr \. M \rri*-r. I'.n^ ''***' liatf* H *'■! I'M'' 

hiiftaliM I;»l»r , HnfTajn tr»o hop^yr 

irnl othi-r ^ 

!nju.r'i Adult ntak^'^ irnmoni m l;r.inr|»o4 f<ir o\ip»?«tti'n Iin-Mion*. .u* 
h#’al and alluw »’ntrkn<'#’ of l> »r*T^ atnl funic. 
i^iMtTxhnfum - Nr»rth Arn'ri‘>i 

Pjukard, A S I ifth r»’pl ! S Knt ^’otrrn . p. o.i,) Is'H) 

Iffwiickiw. H. Yl \**« V.»rk '*f*-rn‘Vii Aifr K^p .‘'tk I*'l' 

I'MO 

rlilfllarutA .’“ ♦V, Thamrtolt flu 
S<r*' pajfn 


f-nin. I 
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Cficcinen lorst., (iraphnn phaUi Fam. Cicadellidae 

(Si‘t‘ paKf I Oil, I 

niintiiuiitK Kiiitfht, I.yfjn-'- Fam. Miridae 

I Sec p:iK'‘ 


fo) ai liouch^, AmjHi'io/i lKur<i|x'aii fruit ll■^•alliuIIl I Fam. Coc-fidae 

Malus, I’rumi^, anil other species. 

Injury — ^fay suck so niiich sap from hranches as to kill them, but commoner injury is 
due to Rrow th of .sooty fungus ovi r sticky sjcretion which the in.sects drop on foliage, 
fruit, and hr.inche.s. 

I)i>slnbuti</n — Furope, North Aim-ri'-a. 

Hifcrencis — Soraiier, P. I hiiidhuch der Pflanzenkrankheiten 3 . G9d. 191-3. 

tslingerland, M. V., and Cro.shv, C. R. Manual of fruit insects, p. 261. 
1911. 


fo// i(f 7 <dii/is . “sir , /Viti/ili I'viis 1 It'oollv thorn aphis' . . Yr^m. Aphididae 

lliisis — f'rataegus, .\nii laUi hiiT, l’\rus. f'ydonia. 

Injury — Distorts leaves into a rolled curl. 

Di^ti ihutinn North .\inerica. 

Rcfinncts — -Patch, K. .M. Maine .\gr. F\p. St t Bui. 233. 1914. ^ 

Quaiiitance, I.., atid Baker. .\. C. U. .-f, Agr. Dept, Farmers' bul. 
SIll.Kt 1917. 


ruryli [Ann , Lrciniuin .. . Fam. Cocffiiie 

Syninu/mx — ■ Eitlernniutn pyit Schr . Lcrmtuin cipreue I.in-i. 

!I(}.iU — Malus, (.'rataegus, Pyrus. and other species 
Inj 'irji — ,'stlck.s s.ip froiti bark, not conunonly injurious, 

Diyinhution - Furope, North .\inerica 

Urfi-renccs — Theobald, F. V, Insect jie.sts o' fruits, p. lo>. 1909. 

Findinger, L. Die .S hildl.iuse, p 21l>. 1912. 

Flor., PsylUi . -Psi/i/iduc 

Hosts — ■ Malu.s, Crataegus. Sorhus, (tucrciis. 

Dislrtbutinn --Fuiope. 

Ref, re ce -- llarn.son, ,1. W. II Naturalist iFondoiP, no. lOi, p. 460. 19Io. 

cniltiegiirium Walk , Mdcrnstphuiii. Fam. Aphididae 

Httsl - - Crnineyns nX'/ttr mthti. 

Di.vfrihidion -- Fiilgand. 

Ri'/rnncfs — Walker. F .\iiii mag. iia' hist, h Iti. h's.iO. ^ 

Th.'obald, F V. .lourn. ocon biol -k 1 12. 1913. 


.m/ocyi K-alt , .4 plus- ^ Fam. .4p/itdtdne 

■■ Aphi.-i pyii A- rntluiji K«H-h. A. r(ntuiicuU Kiilt. 

U()ftt.s ~ (Viii s’ ().r 7 /f Milus, Ranuin’ulus. 

lnj}inf — ('urls, (li.M’olors. :iiul loavrs on toniiiUAl 

/A/iUnccs’"-- DiVirovliaiisky. \'. Biology ot aphids of free and bush fruits (rvievh 

Van'Iier Coot. P. Iloll.iiidiseheii Blattl.iuse p 174. 191.5. 

Theobald, F, V. Kntomologist IS 2.)9, 191 j. 

, .1 Fain, Mcinbracidnc 

rnitiirgi Filch, (Rossoiiolus tllawllcrn tree hopper' 

Hosts — Crataegus, .M'vlu.s, Cyiioiiia. 

■>- 

C„n,.|llOv.,UM;M..S:. H-m-ir 1 1 ->»■ riU . 
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cratlUffi VaiiU., hiioterus Fain. CianUH, diu 

Host — ■ CrataoRUrJ. 

I’ljury — Adults and young suck juice from foliage. 

Ihstnhutxon — North America. 

AV/crcfU'e — Van Duzee, K. P. Can ent. 22 110. IstK). 


(rataeyi Monell, * Kaiii Ajifiiiii'hu 

— ('rnttuijns puhi'tiiti, (\ ou'citu t, ('. ttxtjdutntka. 

Injury — Sucks juice from lt>wer Mth* of Ic.ive.s ami from tender twig.s l.c.ivr.v < url 
dov\nw:krtl and in severe inf«‘^t.*>tioiis tree.s may lx* liefoliatctl 
I>\'<lrihuti'jn — North America 

Rtferruct! — Patch, K. M. Maine Agr. K\p St.i. Hul. i-td’ J.V). I'.M I. 

‘ Fig. lUS, page HMm. > 

(Tti/ucy^i Tullgr.. i^rtKiphibiA Fain .\}>hviid‘U 

• HoMa - - t'rutiU'juA mij'ic inthd, Malus. 

Injuru — f’url.H ami di.-'Cnlors leav«-s and 'cornet injure.n hlfissoriis. 

[>iAtnfnLti->n — Furope 

Rrft-r^ncr — Van der (Iixjt. P. J foil mdiM h*‘n Plan [> !.'>;> PMo. 

rru//i^yi :jchr . Fam 

yyfi/»nvm — (‘hrrmrt i{u»rrti.< lh<<ni^ 

— t rill ir f'ii '*/ / u* J»lM 1. l^utri fi< ^p 

Injun/ — f'aa'*cs «trii.ill r**d hh-^t'T'* to fe^rm on upp'T -^nh- of )< .im h 
f/iAtnfmtiun liurop** 

Rf/p’rrnr*' - .Vulrn.-.nn, C P^> llidtrum catalogu.>*. p 11 I'.Md 


cratafyi Dgl , Tyi>hb>ri/ht l am t i« n/WiV/'' 

/{oAts — (‘riilnrju.i oiyininthn, ap(»l»‘ * 

Injury — Nymphs and adults suck juici* from foliage, Imt <*oninionly thc\ arc net 
numefiiu.s en<iugh to cati.**** much injury 
fhstrthuhon — Kufop- 

Rrfrrenrri -- Dougla.*'. f U Fnt ino rn.tg. 12 

Mehrhar, I. ( nadimn Mif teFKurojx'. p .'51''. iVMk 


cratar//iell/i ThfiilfAUi, .l/d.M I'arn \ f-hidi'i-.i 

Syru/nym -• A pKiA mUatyi Muck 
IlhAt — f'rntnri/uA niyiirdnlha 

Injury — f'url.x and di.HcoIurs leave.s of t«Tinir.ai Hlex^t.-*. uhich turn reddish hrouii 
I/iAinhuhffn — Fhirop** 

Rf/rrmtAA - Flijckfon. fi M Mt»m»graph of MrUish aphulcH. 2 .5-> ^ 

Th»'ohald. I' I-Mt of Apiiididae of lljuxtings Di'^trirt, p '* ' d- 


r.rnlnrgifftlvu Fitch, AphiA • 

IIoaIa " i 'rntnrguA pnnrtnin, f* rtyrrtnrd, f ••lydr-intho. P Ittmr ntn^d , ( viloni 
Injury - ■ f^’urU and discolfirx leaves an<l yf»ung #»h»Hi!s, turning them purjili-' 
I>xAlr\hul\nn North Amenra. 

Rff^rrnte — (dviainfarice, A. f- , and Maker, A C 1 S. Agr. I>ept. I -r 
Hf>| IS. 1017 • 

cralnegiiJrfoen.nffi Uafin , dpAu ^ 

Hoxt PratrirguA n*rrinra 
IhMlrxhHturn North .\rnenra 

liffrrenrf^A - ftafinevpie, C‘ Amer. nio mag ami rnt. rev .1 Mk I"'*'' 
Patch, F M. Maine Agr Kxp Sla Hul. '270 \x. P-*l'' 

curtkjni H> , Euat^Ua ^ 

f>w page 1 Idl } 


1 I , /'/■!- 


lull 
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cydoniiie Fitch, Corylhiicha. . . Fatn. Tingilidae 

Synonyms — Corythuchii arcuutn Coiuht., ('. crtilnegi O. & D. 
liosts — CratacfCiLs, CydoHia. 

Injury — Nymphs luui adults suck juiic from leaves, causing them to turn brown. 
Distribution — North America. 

Ilefervnces — Fitch, A. Country gent 17 !,.kl)l. 

('om.stock, .1 H. F Knt. Uept. IH79 i-’l. 1S79. 

Ciihson, F. If. Amir. Knt. .''oe. Trans, 44 .S7. 191.S. 

deirnessi King. Phonncoccus. Fam. Coccidae 

Synonym — Phritacnccus btthili Ckll. 
liosts — Cr.at negus, .\melanchier 
Distribution — Ciinad i, I'mteil .<lates. 

Kejfrence — Ferris. ('., F. Contribution to knowledge of Coccidae of southwestern 
I'nited States, p. f>S. I'.llll. 


disioculus Say, Ilorciiis 
i.Sih; page lO.’if.i 

dumi torum SchifT., Physntochi ila. 

Hosts i'rotaryus orynnintho. P’ji us cionniuni 
Dislnbiition -■ Kurop ■, Kg\ pt 
Pifrirurrs - Kallenhacli, ,1. II. Ftlaiizi nfeinde. p 21:1 
.■Saunders. F Heimpte.ra of British l.sland 


Piuiius padus. P. 


1S72. 
p. 13o. 


Fam. Miridae 

Fam. Tinoitidae 
spinosn, 

1S92. 

F.am, Aphididae 
1879. 

Fam. Ckadellidae 


Not commonly injurious. 


idinlulii Buck.. Aphis 

Host — Crataegus on/acanthd. 

Dish ibution — Furope. on 

Piference — Buckton, <1. B. Monograph of British aphides, . o,. 

fitchi VanI)., Idiocrrus (Black apple leaf hopper.) 

Synonym — fdiocctus macuhprnnts I'iteh. 

//((.sts — Crataegu.s. .MaUi.s, Finis 
injury — Ailults .and young .suck juice from foliage. 

Distribution - North .\merica. . , 

References - Van Duzee. i:. F. ('atalog of Henupteni, p. oSO. Ulb. 

Brittain, W. If., an.l Saunders, 1. (1. Can cut. 49,149. 191i. 

a i 1 i. 1 - /111 Fam. Membracidae 

Jiavicephdld (lOiliiiK, (/vnidiunti 

(See piige lOl).) i 

g , . r ! Fam. Coccidae 

Jurjura r\ivh, ( hwnasfur {>>vur\y __ , ,, 

Hosts - Wnnii 25 tree species, meluding Crataegus, Malus, F rus Su B ern 
Injury - Oeeasionallv iiierusts h.vrk of trees and greatly weakens or kills the . 

..,.i cs,!... c. i.. us 

E,.™ E. O. I,„..rinu. »„d li.»sC »( C,.lirori.i.., p. 15S. 190. 

. F.HIII. Coccidae 

hcderni. Vail., Aspidiotus 

Synoni/m — A.iindnitii.s riirii Boueht’. /., ilcp 

Hosts — Many woodv and herbaceous plants, ineludmg n ^ \orth America. 

Distribution - liiirope, Asia, North Africa ton Crataegi s n Algerial. North 

«,7>re,,ce.-^^ger,^L.^ 3,089. 1913. 

F.am. Cicadellidae 

lachrymalis Fb., Idiocerus 

(See page 1001.) 
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hinigera Ilausni., ^ Woolly aphi>' ... Fain. 

Sijfion^/rns — Krio^tma cnitatyi ()t*st., SchiztJUturti amerivarm lliley. 

Hosts — ( i Imus nmrr u'jnn. 

Injury — ^ Sucks s.ip fr«>m tender l»r:*iuluw, fiiul rtH»ts, ofton stuiitiiij' 

Di-'^trihution - North .Vmcric.^, Kurop*‘. Africa. Au.stralui, South America. 

Hf/t-rtncfs - Thoolvild, V \ «tf fruits, p Ml. IIH)*,!. 

Hakcr, .\ ('. I . S. Ajfr- Dept Kept 101. I'.Mo. 

Heckt-r, (1 (1. Jourii. eci>n eiit. II Jlo. KHS, 

( Fig II**.*. p kge IKtVl 1 

l.iiiri . Ht\it>!n.us Fam. f 'i< 

fSi*i* page U>»i|. 

mall 1,. H , Km; '.Vpple lt*af h‘'pj>*-r Fain. ('u‘ul,!!ni , 

See page It)»)I 

S^'hinM.. ■ Farn 

‘-n I'urst 

M.ilti**. .’^ofle.K. t^uiTcMi.^, I 'Iruiis. ("orv liw 

InjUf'i -- \>niplH ■•uck from foli-.g.* .mti hlox^ irns, ami pre\erit si'timg of frui' 

! h.*trk>tuti.‘^n l!ur'*|v-. A'*i.». N'»\ .i S. uti * 

' K dt'-rih iv h. J II I*tl iii/* nf* imi**. p 

'rho.-li.iM, r ..| fruit-*, p l-VI I'MfK 

Untr.iin, U II Jnurii tut IS I’tJ.V 


M 


I . 


Tnn,'iroi.s K» ut» r. -{ J u ^ D vrk ippl-* rdhug 

/.«U ( 'r I’.w uu-i, M.ilu-i 

h'jitr , iii'l .vluit,-. nir*- !• '.m- .iii'l fruit t.> -u. k juu'i' iliirii!'- 

in frui'. ttliuh lii'fiirm it 

/>( <ti .t'u't'.fi -- \'trth*-:i.''t»*ni f riit.’i! f'.iiiul*. 

/^.'Vr.u(.< ■ ■'litui' rl.iii'l, M \ . I'.iul C 11 Muitiiul of fruit lU'i' i-, |i. J' 

lull. 

( hti" >.ti. II A l.iii .''O'' U''»H|iiiii{tori I’r'H' IH I'K) I'.tlu 


fl •i-its - I A rni^ •'•ftut'i 
hiAlrOtulum N«»rt h .\ui*Ti‘’.\ 


Fain. .1/1'’ '/ ' 


10 


< lurid . <1 W Apbidida** «*f .\f p in. 1W» 

Ifurit»T. r**)l. p ltil t itrtt /.*/ Pii''h, I', M. M'liie' Agr. i.vp ' 

jrtt ri I'tls 




mAiinimrurn F'T*»t . Vf.yiln 

rr'iUif^yx M'fHt 

fio-'h - f *rnin*fpi ^ nT','U'iifdh i . t^u»-r»us. and 

/ > '} M Fur* *\p' . .a 

fOf^rrnr*'^ \uim.\nn.lr I’-"'* Ihdarum ‘ .it.'il* K»s, p Jth I'dd 

ffam.-WAn, J W If V^tur ih**t F«>Tid'»n ', ii»». 707, p lt>t> 


Fain /' 


fm:. 

I- .-n 


rn^ntOii Keijr* r. ^Bright .'ipple ndinig 

flt,dA .\I il'i-*, f ‘r 

ff'jury N wnph-* and a-'lults puieiur*' aiid fruit to sin k jui*’*’, and evi 

in fniit 

lHAtr\.hHl >*n \r.rtheasf<Tn I < 'aimda 

Hffrrrnrfn .’^lingfrlan 1. \f. \ , .and ^'hmKv, f K Manuai *>I fruit tn*-' ‘ 
FHI. ^ 

t'u.shman, K A F.rit .-vk-. \S a^hington Pnx'. |H I'h>. 1 M*' 

mfMpth V 'Mi , (hfthi^ ^ 

ffo^lA ('rnUirgus ‘iiyirunthn, S1*’*pklus tj4rmn»i\rn. 
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Injun/ — Sucks sip from tcu<lcr slioots anil loaves. 

Di^lributiiin — Kuropc. 

Rtferenen — \'an ilcr (loot, P. Hollamlischcn Blat tl:ius<*, p 130, 191o. 

rihjrnfnM-inlum PiTf;., Liaininm (Terrapin .scale Fam. Coccidae 

— I’runiLs, .Veer, Malus. f’rataelru'^, Tilia, Platanus. anil other species. 

Injun/ — Sucks sap from hark .anil secretc-i much sticky liquid, which covers surface of 
branches, foliage, anil fruit anil on which a sooty fungus grows, thus rendering fruit 
un.salahlc. 

Ihstrihution — N'orth .Vmcrica. 

Refnincrs — Felt, K.P, N'ew York State Mus. Memoir X* , 201. 100.5. 

Slingerlami, .M V.. .and (.'roshv. C. li. Manual of fruit insects, p. 203, 
lOU. 

uhliquri Say, Kn/thrum urn Fam. Cicadellidae 

(.Sec ])agc lOtil. . 

o/cuc rolvec, PiirlnUiriu Fam. Coccidae 

llntla -- Many wnoili [ilaiits. mcluihng <’rabni/H-> i/fnnanic'i. 

Injun/ — .Ma.v incrust the hark, and 'Oinetimc.s the leaves .and the fruit, of trees of the 
genera Citrus, I’vrus, and 0|ea e'pci ially. 

Dntrihuliiin - .Mediterranean regioti 

/fi7i»c»tcf'.'i — I.itiilitiger. I.. !)te .Schtldl.iU'e. p, 213. 1012. 

Siirauer. P llatidhueh der Pllatizetikrankheiteii 3 004. 1913, 


o/iriicfiix F.ahr., Dcracororn Fam, Miridae 

Si/nnu;/7n - ■ ('it/i,.ii.s incdiio ICtrschh. 

Ilosli — .Mtilus, C'nitaegus, Primus, ('onhi' 

Injun/ — Sucks juice from foliage 
Di'tnhuliitn - Furope 

Hrfircnrre — Kaltenliach. .1 il Ptlanzenfeiiide, p 213_ ^ 

Reuter, O M Heiniptera gi iiinocerata Kuropae ,1 ;30, l.xOti. 


lunntus \'anl) , f)rlhnli/lns . 

I See Jiage 1 ()."m. i 

o\lriifiinn ix Curt , As/iidinlux (l%urope,in fruit -tree .sc ,le ‘ 

Sf/nnni/tJt - Ax/ndi'ilux nn/acanlh it- .''ign 

linstx — Mains, Prunns, Perils, ('rataegus. ,tnil man.t other 
Injun/ — Mav cnnq'li'tidy incrust the hark and kill the tree. 
Dish ihutinn ~ Furojie. ,\sia Minor, NorMi .\meriea ^ 

Rif, mins Theobald, F. V Insect pests of fruit:, p 3.M1. 

Findiiigei, 1, I )ie Schildlause, p. 2I.i 1012. 


Fam. Miridae 

Fam. Coccidae 
woody plants 


1900. 


„ , I- • 1 . r Fain. Mindac 

"sln/ar Knight, I,i/i/us . 

(.See page 

„ , 1 . o . W Fam. A/,hididae 

uiyncnnlhac Schr,, Mi/zus 

iSi/nonym ~ Ajihis nji/aranlhac Koch. 

liosls — Crntnci/u.s (ixi/ariiniha, Pyrus, Malus. Prunu.s 4 e„„, „,,ri makine 

Injuru - Sucks juice from leaves, causing yellow or red siielhngs on them and making 

them curl. 


Dislriliution — Furope. 

References — Korh, C, F. PManzeuI.iuse. 

lloss, H. Die Pllanzen.galleii 


p ,5.5 1 S.5 1 . 

.Mittei- uiiil Xordeuropas, 


padi lAim., Rhopalosiphiiin ... ■ 

Rl/nonyms — Aphis nvenne Vnhr.. Aphis /nidi Kalt. 

Hosts — Pruiuis pndus, Crataegus, Malus, Pyrus, grasses. 


p. 132. 1011. 
lYam. Aphididae 
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Injunj — Sucks juice frotii op<‘ninK hu Is of fruit trees in early spring. 

Distnbutiofi — Kun»pt*. North Amerira. 

Hefcrf net's — Lotiuanii, (I. (ili I JlN, 

Hak**r, A (\ Jourii aicr. r*‘H. IS .'Ul. I9I!>. 

p*il!niiis Fb.. Idi^H'erus Farn. ('i^ ' 

puijo 103- . J 

ptliiicid>t I hi , Oi ifihni iii F.iiii M. 

St'O > 

perr'j/rtfui Fnrst , Ps'/U^i Fatii /*.,■ 

Syronym - ei •ii if i l*h‘r 

f'r’Uiifyts <>i /'U' in’h>i. f'-i/i-i/M*, h^tuiuy 
Injiir 1 / — Suok.-' jtuci* I’rorn youn^ Nlio.it-, .itui 
fjiAtn^tutoin — Kurt>p»*. A.-^i.t 

» Refrrenee - Aulrnantj. < 1 I"'*) lloLiriun r.it ihn'ii". p 22 FU.'l 


perrnrio^'is ('orijsf , A ,-'*al** I' irn < 

ifntt.i -- Many w«Hniy p!ant><. tn« lti«linjc < ’rat.v^u-^ an*! oth»T M.ilan ao 
Ir-jur</ — May in* ni*«t bark af»*l kill tr»* s iti fav'*rab!»‘ WfallnT. 

ibufi-tn - A'lia. N^ rth AniiTtiM. South AnoTh a. A’i-^tralia. Ihi'^'an 

^»»ra'n'r. F HariAbtirh <1 *t Ff!an/crikrankh» it**n .1 I‘>1 > 

tfhnn, I* A s'^tat** Fn* IIlin-'M It'pt 2s s7 • 


pin I.irht , AipK/ii<‘tu.9 I'.ifii f 

HosU — !*yrn^. Main**. < r Fraxinw'*. Frnini’< 

//'jury - May inrrutf branf'h^'M an*l fh»H «>-:ik**fj '-r kill thf'tn. 
f. i^tnb'ition Kuf«>p''. Axia Min“r 

AV/Vr <’/!/*#.< - I.tri'iifitjvf. I, I >!»• '“’rhil'll iuh*‘. p .Ml I'MJ 

Sofan* r, I’ Hatnlbu' fi <l* f I’tlanr* nkrat)kh*Mfi*n I'U > 


ponii !)*• Aphu (ir*‘*-n apph* aphn Fun .1;' ■ 

Ip^M mill F'abr , A "Xy‘U‘>tnth‘te \\r 
HctfA Main-, Frat.i/'g'i-t, 

Injury r'U* k’^ tip. * ‘ui-jnjf I**av» t to rurl, 1 i* no ji**<o.|i>rftiion appe ar-' 
Ij\AtrxhHti>tn FurojM*. N‘-fth Ani* ri«a 

Hfjr-rtnr^A Kab#nFvft. 1 If f*Man/'-nr»Mn»l*\ p JtK’ Is7J 

Math'i'ti, U ( ruv Aifr. F\p Sia. Mrm'hr.’l I'l' 


pmUntit I. inn , Av/’m 1' 

' S<o* paj<»' IOV» 

pf‘,> tvrht'Tx \ anf) . I'lutTf r'ii 1 afn ^ 

( 'rata'' K‘i**- M'aiu**. I’>r«H. FyAonia 
Injury ~ Nvrnph.'^ afui a/lnlt^ *iu< k from fohai?*' 

InAtrihutx'fn North Afri'^ri^a 

fi*ftrrnrAA - f,rf^'r;nar'l , M M Joiirn »Ton i nt S II7> FM.i 

\ an F I*. f*a*al*>n of H»'rnipl»'ra, p oS’l I'Mt/. 

prutn/Mum , l^ranxum ' F'ro't»l«'*| Ji/'aF . 1 ' 

HnjtU Many plants, inrhjibii^ f 

Injury fViH' ipal »n j'lrv from V funi^ j«i growmif on ''' tiw-r' i- 

ofi fpjit anA foliag#- 
h\tfr\hu(inn North 

U»ft^rrnffA Safub’r^. J 13 ./f»ijrn «*r»»n ‘'ft 2 M-* l‘HKI 

F O fnjtinoiin ami jn*<'/’t^ of f .ahf‘>rni i, )' 

prunifoli/jr Fitrh, Iihnp*tb>Aiphum Appb* h’l<l aphl*i' ' . ^ ‘ 

P^yrufn’jmA Aphut nienfir of Arn^rirafi aulh'»ntS Ap^M^/r'Au SanA 
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//osM — MhIus, I'yrus, C’ratat'KUs, Primus, many grassis. 

Injury — Sucks juice from opening buds of trees in spring, 

Distribution — Xorth America. 

References — (liiaintancc, A. L, T. S. Ent. Bur. Circ. SI. 1907. 

Baker, A. C. Journ, agr. res. IS .111, 1919. 

pumilus I'hl., Ceratoenpsus . , . Fam. Miridae 

Synonym — Melinnu pumitu I'hl. 

Hosts — Crataegus, SaliN. 

Injury — ■ Adult sucks .s ip from foliage. 

Distributi(i7i — Kastern I’nited .<t.ites 

Reference — b'hler, P. li. Km .Vmcr .? OO. ls^7. 

pyri lutch, Prnciphilus (Pear root aphis' .Fam. Aphididae 

Hosts — Pyru.s, Crataegus, M ilus. 

Injury — Sucks sap from roots. 

Distribution — ■ Eastern North .\merica. 

References — -Quaintance, E., and Baker, .\. C. E'. S. Agr, Dept, Farmers' bul. 

Sin 19. 1917. 

Wilson, If. F., and X'ickery, P. .\. Wisconsin .\cad. Pci, Arts, and 
Letters. Trans. 19 119. 191.S. , 


(fierci Fitch, Empoi . . .... . Fam. Cicadellidae 

(See page U).)2 ) 

rosae Linn., (Hose leaf hopper' .Tam. Cicadellidue 

Hosts — Rosa, .Main-, Pyrus, Primii', Crataegus, Cydoiiia. and other species. 

Injury — Nymphs and adults suck juice from lower leaves of trees, causing yellotiang of 
foliage and in some cases defoliation. 

Distribution — Europe, North .\nierica. 

Reference — Ackerman, .\. .1. I S .Vgr Dept. Bul. S0o.20. 1919. 

rumiri.s Linn., .Aphis. . . Fam. Aphididae 

Hosts — Many herbs ami woody plants, including t iot(ugus o.ryncantha and pear. 
Injury — Sucks juice from foliage in spring and fall 
Distribution — Europe, North .Vmcrica 

References — Bonier Nat. \ er. Bremen. .Vbhaiull. 2o lo2. 1914. 

Van der Coot, P. Hollandischer Blattlause, p. 220. lOlo. 


rusci Linn,, ('eroplusles 

Hosts — Many jilants. iiicUiding ('r.ataegiis 
Injury — Siieks jui'-e from bark. le.iVi'S. and fruit 


Hutribution — .Mediterranean reirioii ^ 

References — Liiidinger, b. Die Seliildhuise, ]>. 214. 191_. 

Sorauer, P. Handbuch der Pllaiizenkraukheitcn 3, b9o. 


Fam. Coccidae 


1913. 


saliceti I’iirst., PsyUit .... 

Hosts — ^ Salix, Crnloegus ojri/ucontho. 

Injury — .Sueks juice from foliage. 

Distribution — Europe. .\si", Japan. 

Reference — - Aulin.anii, C. Ps.vllidaruiii catalogus, p. 

seminudus Say, Eiitettij: ■ ■ 

(See page 1002.) 

surbi Kali., Aphis (Ro.sy .apple aphis) ■ ■ 

Synonym — Aphi.s mulifotiue Fitch, 

Hosts — Malu.s, Pyru.s, f.lrata 'gus. .'sorbii.s, Plaiitago. 
Injury — Cur.s leaves and deforms fruit. 


. Fam. Psyllidae 

1913. 

. .Fam. Cic ideliidae 
.Tam. Aphididae 
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Di^tnfiuhiin — Kurof>:‘, \ortli AmiTii-i, 

Refru r'ct\-t - \ An iltT ( itidt. I*. Ildll-inilHrlu'ti HI.’itllriiNt*. p. 177. 1IH.7 

M.-itho.son, U. <'.>rn( ll I'niv. Ai{r. IXi) .''tn. .Mciiiuir 1 71 'n 

Fh . /'/(<><>/ (iv i'l 

p.AfCf • 

tnurinn Fitch, t 7 ;.di Fniii .\f,> 

See 1 iVWi t 

ulmi I-irm . L*'pith<it)hf< ' 0\ iN* I'arn 

.S'/ '/ '/i — .If {{<>ui'he 
//-> " 1 .'* - Afany w<hh]\ plnrif-^, ineliiilimc < 

l'>jur'/ - Su«'k*i juh-t* from ('.irk an«l fnh nj.* 

I)i ^fri^‘Uh‘>n Kur‘'j>*‘, A-i i. Afrn-ji. AM'^tmlii. North AnuTn-M, Si»uth Atiu-rn-i 
/)*»/*■ Tr Tflt ohjli'l, I' \ IllW. t (W-vf'.ff frUlt-i. p l7i> I'KHi 

• Sor:iii*‘r. I* It «!» r l‘fl.tn/» ijkr.vrikhi it»n .? i)‘LV l‘*|.v 


< teof . Tttr'ir-turn I'afn 

///.«'< - I t’U'i i‘f‘; ir-tt !hti , tnaiiv irr.i--^ 

/r.jurv SurkM juj‘ »' frofii e.iiiHiiuf ifalU to f«»rrii on npjM r 

AV/» Win 'i'T I* IfoH in ti'-' h* n HKifU ttj'**. p \'>\ I'M.’i 

F M. M.iiie- Aifr I \p St i Hul J7n I't Il»ls 


u**i‘ 'J'til'i.i Kniich', f.'/'pii F ifn 

//..^/ - { >:i» 

/r ii*r7 • I'l' k ;ifnl fnife tjiff !r-Jit .iiei t» rnh r f"h 

/;i Vofthf i-f» rit '•t it. h 

/A/.r. r/*# Kfii/h', H H lir<»«-kl\n I lit <*,v Hul M J| J'tl't 


"trhfti*’ lutin , 7 

H“<'* Frri .- 1 r-* i/, :/./*•« '•/'/ »'■ o./A i 
''Ml k** pii'*- trofu i**li iiC‘ 

J l'.ur«»p**. \-<.i 

\ i!n .vt.n < '• 1 **\ llnl.inifu i »* J -inH. p -V) l*t|.l 

ilirn-'-ri. / \N H \.it-irt!.-t l.onili.n . ii*- 7tt7. 

1 ( oil . A '*/'.'. » ’,r 

<*■*■ jMw:*- Hw.j 

■i/i' f.inn , /■''i/'u unu ■<» ih- 

.""/fi/.f' '/m < It t;rui f.t'ij-i, I ir»n /* »»■ »..»#.# oi ^'* '» 4 Hi'l» . f* 

If' *'* M'lJt’, w-hmI’, pliut-i in< i j'hr.K ^ r *t n ifij- 

‘j ''U' k -^ap frofrt li irk an«l t* nd» r -hr»..f - 

\ueTo.i, Affoa. A>*ii Min*-r 

ii^iTpt.ry r. f. 1 >}*• lul*il io ^ . p JI.'» I'tJ- 

lulgnn-t H> , Ijiniffitn 

TMVSXNOKII V \ 

irihrt f jtrh, A'u/Arip^ 

Col I OIUI WA 

•ttr^trfvr\rfr\.n .\Tar«h. Iih>fr rht!* vaf punr'/tfui 0 |iv 
tloti ( ittln* pti >1/ ‘/'irn fdKft 
hxjktrihiititffi F'lfofj*' 

Hiffrrntf lisfK.iSCll, (’ (iiri' I.fori F.urolw i, p 01 i 
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auitscciiK Li'o., MiKjdnha I Hronzi- ai)pli‘ wt-i'vih .Fain. Curculionidae 

Hosts — AIjilus, Criitangus, l’riiiiu«. 

Injun) — Larva tuiincla uikUt hark, soiiiftiiiic.-, killini' free. Adults feed on leaves. 

Distrihution — XorthtM-sterii I'liiiial >tate.-, Canada 

Hi J t ft net's ' ('liittenden, 1'' II. I S. Lnt Hur. Bui. 22 37, lhf)0. 

Slin^'erlaiid, M \ , and CmA.v, C li. Manual of fruit insects, p. 199. 
191 1. 


tu quutus Linn., Hhjnihths 

Hosts — Crata<'ttus, .Malu-, I’niniis, .'^nrhu- 
Injiiii) - Beelle.s |)Uin'lure fruit hild^ and li'ave~ 
Disti ihutoin - Kurope, 

Htfnrnrts ~ Kaltenluicli, J 11 IMlan/enfcindi 
Hargattli, P. llini-ofon Kuropei 


Farn. ('urcidlonidae 


in feediiif;. 


Fam Bupreslidae 
Fam. Chrysomehdae 


p. isl. 1S72. 
p IM 1NS3. 

tinusus .Mc‘l.''h., lirtirhys . 
t.^ec p.n<i‘ lOtii) j 

nUndu IxT , Sjnitii — 

Hosts — .Malu.s, P.\ru', C.vdonii, Crata<‘)?U'. I'runu-, Cor\lu.s, and other species. 

Injury - Beetles feed on Howers .ind foliage. Mimetinies defoliating young trees. 

Ilisli ihution — Westi'rn 1 mted .'-lates 

- \Vils 111 . H 1'.. and .Mozuetle. t; F. ( iroson Agr. E.vp. Sta. Bien. crop 
[lest and hurt rept 2 9ii 1917i. 

tilpiiui Linn , Hosiihu Fam. Ceramhycidae 

Hosts - Cl littu ijiis uxuur inthti. rnijus >p 

Injun) — Larva tunnels under hark, girdling hranclies, and then enters solid tvood. 
Ihstnliuliiin — Luro()e 

/fi f<)< nf(,s -- Kalteiihaeli, ,I If Ptlan/enfeinde. ji 2U7. Is, 2. 
lloleizek, A, KnI. Xaelir 13 30'' I'|S7. 

aunilus .Seop , Hh.wrhit, s Fam. Curcidioniduc 

SifHfiuyp/i - J^hynrhilt fHi('i'hu-< HUv 
/fosU '- ( ‘i (itiu '}U\ ttXij tt' I iith't . I^i iiuu,'^ ly 

^ Injury - Mcrllcs cut oiT jictiolc.'' of Icaxc-. aiui footi in fruit 

Distributtnn - luiropc, A.-ta. 

/fc/cre/ic.s-— Kallenhaeh, J. If Pllanz.'iifeiiide. p Lm 1'',.. 

Bargagli. P. liineofori Kiirop' i, p 1'''! l>sS.i. 

Iiiicchus Linn . /{hynt-lutt s i Purtile apjile weevil 
— Mains, 

ffijury - Larvae fciai in fruit. luiicli I'fv'' coilliiii^ uio in 
IHstnbuiion - - Luropc, Amh. ii^-> 

UK'Jvvi’ncos — I\altciiii;ich, J IL rtlan/'-iitciinlc. p. -( < ' * 

Tlieuhald, F, V leseel pests ol Iruit.s. p 121. 1909 

hTtrtdrontis Lat , Mtiijdidis ( .Xpjile stem jiu-reer' 

//o.st.i - .Mains, Cydiiiiia, Oataegiis. . , i i. 

Injiiri) — Larvae tiliiiiel under hark, eausing diseolorei , sun ' 

Distr hutwn - - Kurope. I'n.ted States , Xew ^ ork and ; ; 

inferences - Ilenseliel, C. A. (>. Die .sehadhehen forst- u.iJ obstbaum Insekten. p. 

BlaMdey, M'. S . and Len.g, ('. W. Kli.vneliophora of north ea.stern America, 

Pierce, "w. n'*’ . Manual of dangeroii.s mseets, p. 132. 19D. 

Fam. Chrysomdidae 

iipuvctnlus Linn., Cryptocrirhidus 

Hosts — Orat.aegus, Chirylus. Sah\, Bctula. 


Fam. Curcuhonidae 


Fam Curculionidae 
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Injunj — Beetles eat holes in foIiai;e. 
r>istrihnt%on — Kurope. 

Hf/erencts — Redtenhaoher, 1.. Fjiima Austnaea. Die Kafer, p. 0()1. 

Kaiteiihaeli. J. H. l*rinii/erifeiiuie, i>. JOT. 

Utrealis . ... Fain. 

(See pvage 1037. 

fii/fti Lec-, Limn>>bari^ Fam ('\irculi.i\',lu- 

f/cKst — Oataei^u.-*. 

I>i.*(nbution — Ka.'^teru I nited States. 

/^f'/Vrt’/ue — Hamilton. J. Aruer. Fnf. So<*. 'Frans 22 S77 IV.O. 

ainduln Fahr . rdi R'juiul-hea<l»Ml ap{>Ie'tree l>»»rer Fam f'ti'imhj, i,ii, 

Synon jm ~ Stifi^rttu /oi itl it/i Say. 

— (’vdimia. Mains, S»»rl>us. Amelanrhier. ( 'ra(ae|fu.s. 

Irijury — Darv .le tuniol under hark of trunk and into .sctpwooj. Not ("niuhrilv 
injurious to (‘rataej^ns 
lii.Atnhulion — \orth .Vmeriea 

/fe # — (ilover. I'. .M inu.'»rnpi n'»r» H from mv journal, p s7. !s77 

, F'tit. F! I’, and I. H .Vtw Vork State -Mus Hul 71 .n |'«i| 

li*‘( k*T. tJ tl. .Vrkan'xs Airr K\p Sta. I^ul ! Ih .*>, I'.MS. ^ 

ojrinnta ( tvTUi., i Fam (‘hr ifti/' i;* 

■ See pa<fe l(Ji37 

dudnlu.i Ou >rrh’jfi4'hn.< Fani Fr/n > 

-- ( ‘r»it‘U ju.i HKthi 

ij\.*trihiit\nn - Furoj)*' 

- .Marieiil. S Monofccr iphie d* M nti')rhyni hjde».. p J.^7 l''7J 

BafKajtli. F liineofMn lMiro|H i, p Iss< 

cnaix f.inn , Fain Fii/< K' 

HhaU ■ Prunn.n •'p'ftiA'i*, /* f> : i'n ( 'nit tryui oxi/'i4 <irith>i 
It.jury - r^rva hurrowi und»*r hark. 
f^utrihulwn F-iir"|>*' 

Hfft'r* nffi Re»if#rjha‘ h*r. \. ^auna .\u**trmea Die Kafer, p TAs |v»'' 

Bvr,(ai(h. F Rineofori l.nroixn. p I'to Iss.t 

I'e-fi-*’, \\ D ^^.lllU.al of d-aiiK'-rouH p J.'iJ. I‘.il< 

ci>rruU<w/ phnluA .*'< le i . /!K>/^>rhtU^ • ^aln ( ur- . . ■ •" 

floitA - ~ ( 'rntu' oT’f u' irUh'i, Hetnla, t^«ieren*t 
fjutrihuiion f'.urojM' 

/{f/^renfKJi Kdteni, i<h.J H. Fffafueiifrin»ir. p .7s!» ls»’J, 

BarKaKli, F Uine/don hurojs i, p |S7. l^vi. 

oAo^fifh/idf^A ( lyW , Oiphurrphnbt l ain • ‘ ^ 

HnnfA -- Frumw, (’rnUietjun tiiynmidhn 

injury - fi4*»-t|efl appear m nwarin*. like ami |ef<»liate treew and shr !*■ 

/;wtriA/u/i/>n Au.«itralia 

HfjcTfnrrA t life . I (J.'i. iH'.Kl 

Freneh, f* Iv^fruetive maerta of Virtoria, 2 'SI. isu.i 

rrrnvrrgrMA Ije.c , Xyb/trrrhu.9 . lam ^ 

HomI i'rnlnr^A up 

injury f^rva, tnnneU m hranehew 

ifiAtrihuturn .North Ainenea 

Hffrrrnrit lAd'*nit*\ J. F. Amef Fnf So<’. Tranii M xxm IhMI 
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Walsh, Tono/rnfAffus ('(Juinee curculio) . . . , .... Tam. CurcuHonidae 

Hosts — ('ratacgus spp., Cydonhi. 

Injun/ — Larvae feed witliin fruit, partially destroying it. 

Distribution — Kastcrn I'nitcd 8tatc.s 

References — Riley, f’. V. Third -Mi.ssouri rept.. p. .‘Jo. 1871. 

Shrigerknd, -M. \'. Cornell Cniv. Agr. E.xp. .Sta. Bui. 148. 1898. 


crataeg/ Germ., Otiorrhynchus . Tam. CurcuHonidae 

Host — ('ralaegiis oxyacanthn. 

Distribution — Europe. 

References — Marseul, M. S. A. Monographie des Otiurhynchides, p. 287. 1872. 

Bargagli, P. Riiitofori Kuropei, p 03. 188.3. 

crafofgi Walsh, i'scudontAonywni.s l.\pple w'ee\ il . . . . Tam. CurcuHonidae 

Hosts — CrataegiLs, .Malu.s, Katnun lotifoha. 

Injury — Larvae burrow in fruit, beetles puncture fruit and foliage. 

Distribution — Eastern I'nited States, C.anada. 

Refirences — Brfxiks, F. E. We..-t ^ irginia Agr Exp. 8ta. Bui. 126. 1910. 

Blatchley, W. .S., and I.eng, C. W. Rhynchophora of northeastern America, 
p. 318. 1910. 

crclnfu Xetvm., S'upcrdu iSpotted .apple-tree borer' Tam. Cerathbycidae 

II 0 SI 4 — Malus, Crataegu-s. .Vinelanchier. 

Injury — Larvae kill branches by girdling .and tunneling in sapwood. 

Dislr bution — Eastern North .Viiierica. 

llert. See. Trans l.'.ll. ISSO. 

Soc. Trans. 22 309. 1895. 

H. New York St.ate Mus. Bui. 74; 50. 1904. 

Fain. Chrysornelidae 


References — O.'born, II. Iowa State 
Haiiiilton, J. Anitr. Ent 
Felt, E. 1’.. and Joutel. L, 


Fam. CurcuHonidae 
lieetles ill abundance beaten from Crataegus sp. by Dr. 


c!(fwwifri.s' Hams, Epitni 
i.See page 1007 ) 

decijiii'is Lee., .{nthononius 

Hosts — (Tataegus, cotton 1 ’ 

Hamilton, 

Distribution — North .\iiieric.a. 

Reference — • Blati hley, W. ,s,. and I.eng, C. \\ . 
p. 310. 1910. 

dorsalis Thunb., ('hnlci)us Iain. Chrysornelidae 

Ho.st.s — ■ Robini i, .M.alus, C}ui reus, ('ratacgus. Rubus, and Other species. 

Injury — Beeth s eat fob ige. 

Di.st; ibuiion — North America. 

Reference — Houser, J. .s. (.)hio .Vgr. E\p. Sla. Bui. 33 — 31, 1J18. 

Fam. Elateridae 


Rnynchophora of north e.astern America, 


Fam. Scarabaeidae 


Fam. Cerambycidae 


dubilan.s Xa/c., Limnnius . . . 

^(See page 1000 .) 

elongala Fabr., Dichelonycha ... ■ ■ 

(See page 1000.) 

fayi Bland, Sajicrda (Thorn limb borerl 

Hosts ~ C'raUicgus crus-galli, C. tomentosa. . , swell- 

Injunj — Larvae burrow m smaller branches, killing them and p g g- 

ings which weaken the branches so that tlu'y break m umds. 

Distribution — Eastern Nortli -Vmerica. „ , - 40 ;) 1904 . 

Reference -Telt, E. P., and Joutel. L. 11. Ne« 'tork State Mus. Bui. i4 0 ..^ 

/cuioru/a Fabr., ('An/,Sfj/)(gAris.(Flat-heade<t apple-tree boreri \t,Ans Prunus 

Hosts - Many trees, including Crataegms, hut especially Quercus, -Malus. 1 runus. 
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Injury — I.arvat' hurri>w la sapWiKKl of woakoiunl troos. 
l)i:^tnbution - Xortli Arnoric a. 

— Hro<.)ks. F. K. 1*. S. A^. FarinorN* l>ul. KMm o. l'U‘* 

fiatu'urnis Boh Schn , Ahthtinomus F;'.rn <'u>. ,, 

H>k-<U - C'ratafijiL’'. Sdlaiiuni. :uui otiu r >|)tM ios. 

IhMnb'itufH XortJi Anit'rica. 

Rtftti nct: \\ S . ;in*l !,« mz. < '. \\ . lvK> Ju li«*p}jnra i»f iiortli rii \n,. rh i 

p. 1*’»V 

('Lurv . Ibttn!>hH'< Farii ('>,<, ,, 

S'^rwn’jm Ruinphu^ Mar**!! 

//. Mailt-', i ’rnfl* JUK irth t, H*-tula. PrutHL'*, I*o[)ultlS. 

Injury iiom* in lra\*'-* 

/>i'^ KurojH* 

( ' \mh B»tIi!i. iiit Zt-it 6 
B.vfi^ti^Ii. 1* lino* 'fori Kufop i. p J/>1 IsvJ 

Applf (It-a U t il*- l ;i(ii i A, ' 

H“-U Mailt- .( ‘‘ra{a»-i{it''. 

h.jury Hn«i larva** ♦•at fiianv •'Miall in f.»hai;»*. 

I }{.Atr\fr\it\.>‘n X'»rfli Xru* ri' a 

MurM*'*l*i», .M F t 111* | 71 1'^'^^'' « 


'yii/'irVuf Kruu‘’k . ^ lain ^ - • i • 

hi..*tr{h’A..>n l-.iifxjH-, \«-ii 

R^yrrfuu.i I )t -hr* ♦ h* r-. ‘.pin*- «l* -> Rfnriotn i* •*ri'l i'*. p jF* I*^' ' 

HirfcC-ncti. 1* lair *|vi, p I^>. Ivv) 

f.inn . ^ 'f r p'.'it'lt xt I'ani < f ' 

fi’ ^U < > -a-ir’i". >ah\. Mal't**. I’vran. I Imu-* J*i*piilit<* 
l*-j kfy B*** *.‘. 1 . n»a/iv h**!f» in Ir-av*-'* 

hi*tr^h)iti.,n. Far »p -, X*ir»h \fn* ri«a 

i Biaf' fil'-v, \N < '..1. .ipf* r i •>( [(pliant, p F-I I I'Mi^ 

."iuisst rtan-l. M \ . aii'l <'r.-l.v, * K .Manual '*f fruit iti"-''- p 
I'tl t. 

S‘'*p , Rh'f*uhpt^ I I’ll f . ' ' ' F' 

Rh'/f>i‘hiU ^ 111 

//. >*tA - ( r'lf'i* pH '’ryur lufK j , Ma*'!** Fvni-*. I*runu<, '-(►rF’H 

Injury ^ * ut *ifT t* rnl* r aiH '>•■*<! in nur*«*ri*"4 

fjHtnbuti.'H l‘,ur''jN'. \m i 

R> fr r*" 9 Kaif' nFa^’li . ■/ H l*fl.aii/*titVin*! ■ , p l'*(. J*i7 I''*J 

Bari<a{(ii. I* Hinr »f**n lairxjHi. p 1''^'' is-vf. 


impr- ■<-nfr->rH rivll , R‘>l ylr -nu-t lani ' 

//. SalM, l'**put i-*, Ff u-*. M 1111*1. Fv rit*', (’*>r\lu-^. aii'l '* 

Injury (I.-. ^ *■ it Fu*!-* I♦•av»•■^. arol r in .Ma> .iinl iuin- 

I iiiUih'Ux^in I'Jirxf^**, N»-w ^ »*rk iriip *rt»*«| al**»u» I'tthi' 

Rrfirrnrr^ F J . afol H \rw Ti (trk '(inn'va 

'|*rh Ful Vf 7 F»l'» 

\V 1 1 Joiirn f'l'on ■■nt IJI FM*» 


m tr^uiirtrrrH f infrtt , RhylhJrxui Fr» **fi I*- if w» » viJ I 

ffn^U MaFt*», F)r'i^, Frum;5i. i^nr-rriM. f Acrr 

Injury twin into op^'itinic aini lat#'r fat.^ hol'**^ iti F-aV' ** 

I^Atrihufu/n l,iir'>|K*, Ama 

Rfjrrtfife 1 Ff'ol/aFl, f \\ ffi.*wo( fff fniiF«, p I I'l. I'Hft 


.1 




'I I 
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ynarijiwilis 111., SijnU'tui . Fam. Ckrijsomelidae 

(See page KK)".) 

miliialy'riinli.t Cr , 'I yn\ nv-' . Fam. Chrysomehdae 

HoM — Cratacgu.s. 

I^istnhulnin — North .Viucrica 

lirferetice — Smith, J H. Iii'^ccls of New .Icr-'cv. p. .341. l(K)f). 


yiiixlus I. PC., Anlhinwmfipsyx . Fam. Curcuhonidae 

Hiisis — Crataegus, I’ruiuis 
/)i!<tiihult(m — North .\nienca 

lit feri'tice — Blatchley , \V. S , .mtl Ix-iig. C. . Uhynchophora of north eastern .America, 
p. Fllli. 

muUtputtcUiOi ,Say, ('nlhiirnphii Fam Chrijsomelidae 

ilmt — Oataegu.s 

L'ixlnljutiiin -- .\i rth .\ri'enc:i. < 

/ff/cn (ICC - Blatchley, \V .'s Coleoptera of Iiuiiana, p. 11.), s. 1910. 


IIOSII Fee., ('ntwlrnrhrlus Fam. ('uTCuhunidae 

llnsls Crataegus, (Jttiirus vinjiituinn. 

Injury — Larva fee<ls in fruit , 

l^inli ihiitiuri — North .\inenca. 

litft^fitcrs — llan ilton, .1 Can. cut 21 .14. ls.vt. 

Pierce. W . I) Nobriiska .<tate Bel .\gr. .\iin. rept. 1906--07' 27.5. 1907. 


tuhuttntttti Lee., AHthiniiituii>t fllawthorn blos.soiu woeMp Fam. C iirculionidae 

I See page lOOS. i 

uenitphnr Hbst , Ctutnlrarhi hin i Plum curcuhoi Fam. C urculionidae 

Ilm-lK -- I’ruiiu.s, Pyrus. Malu.s. Cyilonia. Crat.aegus. 

Injury — Lar\'ae ft'ed in fruit, ami b«.etles deform fruits by their feeding punctures. 
lU.sInlitilKiii -- North .Vmerica ea.-t of Pocky .Mount.ain.s. 

litft'rt'nrr -- ,sling<,rlaml. .M. 5* , and Critsbv, C. K. Manual of fruit insects, p. -4,3. 

1!»1 1 . 


nitidiprnni/i Boh., Mtitidul is. 

Hiists — Crataegus, Popiihis, .Sali\. 

IHslrihuiinn — Europe. ■ r 

lirfirencrs — Htaitenbacher. I-. haiiiia .\u>lriaea Die Kafer, 
Bargagli. P. Kincofori l.uropm. p. lOO. 1,S,S.4. 


F'a'ii. ('urculionidae 
p. 7.59. l,So,S. 


iihlniu/us Idnii , Phyllnlnu.'- 

Hosts — Malus, Crataegus, Populus, ('or>lus. ami other spi'c 
Injury ■- Beetles eat into opening buds, and later eat lea\es. 
Distribution — Europe, .\sia. _ 

lif/rrcnce — Bargagli. P. Kincofori I'.uropei. p. <9. ' , 

Theobald. E. V. Insect pe.sts of fruit.s, p. ll.h 


ies. 


ItMD. 


Fam. ('urculionidae 


olii’ticrus Civil., lihynchilfs 

Synonym ~ Hhynchitrs comaliis l)ej. 

Hosts — Crataegus, Corjius, Prunus. 

Dislrihiitioii — Europe. 

References — Kaltenbach, ,1. H PHaiueufeinde, !’• ilicV 
■ Bargagli, P. Hincofori Euroja'i, p. l.Hh 

pnuxillus Germ., Rhynchites 

Hosts — Crataegus ozyaenntha. Mains. 

Injury — Beetles cut off twigs. 

Distribution — Europe. 


.Fam. ('urculionidae 


1S72. 

Earn. Curcuhonidae 



ntX) 
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Rt'frit'furs — Kalt(‘uhai-h. J. H. I*Hanz«*nft*iii(ip. p* J()7. 1S7'J. 

ThtMihMld, K. \ . Iiisvct p«‘>ts <tf fruits, p IIS I!>0!(. 


politu.'i Say. A'jrtin.’i I'jiin. li , 

Ha-iU - S'alix, tjuprous. i\ rvlus 

Injiiru- I.arva tunnels un»i» r hark. oausin>( gall-hke swellinj^s uf ( 

and girdling twikrs « f t ak with :i spir.il tuniu l 
DiytuhnUon - N<‘rth AnuTira 

nets “ Sn ith. J B. Inserts nf N’fw Jcr>t v. p. Jl*.*) l^MK* 

Kt h, K. 1* N'«*\v ^'ork St itr Mus Hiil. Jiw) I.'C) 

’h.rn>‘fi :r' Fahr . I-’arn 1'u., 

- \ ( *rniaeg\L'' 

I - i.^trihulwn h'uri'J)** 

Rf-Uit nett ('urtH. J Farrn in*s* t t'i. p Is7. Istj) 

Harg^tgh. F. Rinri>fon Kurt)j)**i. p li'k") iss.F 


I. mn .. I '-"fa 't.' App!»* I>1 **-vm im \%f»\ il Fain (' 

//•►*N MalU". ISr i-. < r.it.u gu- 

I.^kr\a viifhin 1 1 's^d fruit hud. destroying it ( tften a s.-rv 

of ippU* in U hit* h»:i I r»*or*I.s '.linking I.'i.itt nilult^ from a m' 

in tw.» tl.is - 

/u'frd-naon Furojs-. nn*- rm-orded from t duo taken A 

R-yttre^i K dttfii* w h . .1 11 Fflnii/* nf»tnd*’. p J*l7 ls7i 

l>i» tz. rn t; \ri.* r I tit Stn* d'r in'. |S JtU lv»l 

\\ hit* h* nd, (' JC* |>* ft *.11 injunouH in-M-ts iti (ireat Mrd ui' 

I V'-*. 

Hetisi'h* 1, ( • A t > Die hadln heii forst- und hiiuni IriM-kn [i 

ivr, 

f’olhtig*', \\ . K M.iiuial of injurioiw in.si rts, p 't7 I'dJ 

fk»h Srhn . F.'im ^ . 

( rat f*runu.s, f\ar>a 

IfKjuru harvi feeds in fruit 
I.ittrxhutwn \«.rth Atneriea 

Mannlton, J t *aii '-nt 2\ -SI I'vSV 

Hlatehlev. . ‘iiid I ♦ tig, < * Kliynrhophora of nort h 1 "^' ri. ^ 

p 177 I’tln 


iTTnj^iv.fi'iA Fee , A ntht/nirm^iA 

//v«'a f rnf .i»*gus. t^uerm^ 

/r-jur'j Dirva m fruit 

f;iAtr\hnfif>n Vortli Vrnen^ i 

Rtft'Tft.r, Mi-P* hley, \S > »i(d D fig, ^ ' VV 

p .“«» 


I”ini t , . 


IChyrn fiophorn of nort li ' I't-rn ^ 


prunt flAtZ . Efrnjilttfnatrr 

Mal'is, Fvru**, Frurnin. ^ >at legn^, I Imus 
/nj*Ar»/ I.ar^a girdh' • »*vik*'n»*<l h> mining in earnhiutn InviT. 

hxAtniitili'fn , \ sui 

Rtf.Tfnttt Knltenhi*h. 1 If l*rt-in/enfeifid*\ p I.VI ls7d 

Wahl, f’ vt.Tt H*«rk*'nkji/<‘r an den < >Iwf haunini und din 
\ ugu«terdsTg Flughlatf. no. p F Hll F 

jrunx Fjnti , SfnQfi'ilit ^ 

ihttU I'runu^. <^‘rat,vg»i.s. #md «»thee «p<trie* 

inj‘Anj r.arya timneU ijn*Jer In^rk of hrnnehen 
ii\9tT\hHtii>n F‘iro|i*\ A«Ma 


l‘ ' --iKi.U 

r:if 


' r'lMi-. 

i'.:l rn^ 

' ' { > 

. P n 
, p ’'! 


ri' a 

' ri' i- 

' ri'i^ 
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JU'fcrcnces — Barnaxli, I’. Biiicofori Kuropci, p. !()(>. I.S.S3. 

Picrcf, W. IJ. Manual of dangerous insects, p. 132, 1017. 

plfnjgomalis Boli., P(ilydru.-.us . Fam, Curculionidae 

llusls — Crataegun nxi/acfuithn , Prunus. Salix, Betula, Corylus, Fagus. 

Injunj — Beetles feed tn foliage. 

Disinbution — Kurope, Asia. 

Reference — Pierce, \V. 1). Journ eeon. ent 0 431. 10 0. 

puht,\cens Melsh.j Agn/i/e-v Fam. Elaleridae 

(See page lOOti.l 

puhr.trens Fabr., Rhi/Hchitef: Fam Curculionidae 

Sunntnjm — ■ Rhi/nrhili \ eiimiieolnr .stelir. 

- f'rataegus, f'orylus, Alnu.s, (^uereus. 

Disinfiiiliiiii - F.uropo. 

R<frrencc.s — Kaltenl)ai'li, .1. If. Pflanzenfeinde, p. 207. 1S72. 

ffargagli, P. Ilineofori Kuropei, p 101. 1S,S3. 

Say, Tnrhi/ph rtii i .\pple eureulio'i Fam, Curculionidae 

Ilosl.'i Malu.s, Crataegu.s. .\tni’lan('lni r, Pvru.s. 

tiijiin/ - l.arva feial.s ui fruit, le’etles jiumture fruit and youii; tivigs. 

Ilietj^iliution - Fastern Niutli .\inenea. 

Rifmnre'i -Brooks, F. F. West \ irgini i .\gr, K\p. St.i. Bui. 121). 1010. 

Mitrliell, . I, B . and Pierce. W. IJ. Fnt. S')c Wa-shingt in. Proc. 13 53. 

1011 . 


iiucrcnln Vt\hr., AnUMTi-t Buprextidae 

l{(}xl.i — (’rataegus, Biiih.i xtrohur^, C’erei.s. and other species. 

Injun/ — Larva bores in deail or dying bratiehes 
Dixtnhiiliiin - North .\meriea 

It’e/erence - - Knnll, .losef N. Ftif. newsdl t> 1020. 


)»/«,? Ol., Orrfic,ste.s ■ • .VAtn. Curculionidae 

Hostii - Flmu.s. (^ticreti.s, Saiix, ( 'r:it aegus. Pruiuis. 

Dvsirihuliou - Furo|»e. 

Reference — Bargiigli, P. Riiicofori Furopci, p 21 < ISku. 


I injuliixus Katz., EccoptKejoxUr (Fruit-tree bark Ivetiei lam. Ipidae 

Ifnslx — PriiiULs, ('vdoiiia. .Malus, Frataegiis. .'sorbus, .Vmelanehier. 

Injury — l.arva and adult iniiie in eambiu'u layer of weak trees, Irequently killing them. 
Ilixtnhulion - Furope, .\sia. North .\iiieriea. 

ICfcrences - (ioasard. H. .V. Ohio Agr. K\p Sta. Circ. 110. l’J13. 

Wahl. ('. \on. Borkenkafer an den Obstbaiimen und ihre Bckamfung. 

.\ugii.“li'nl)erg Flugblatt, no. 3. p. 1. 1014, 

Swaine, ,1. .M. Can. Agr. Dept. Bui. 14 .)2. lOlS. 


xchrppardi Kirby, Choragus 

Bt/nonym - Allic<i/ius gairncii \ ill. 

Iloxl — ('rateirgus ojyneanlhn. 

Injury — • l.arva biirrow.s in dying twigs. 

. Distribulion — Furope. 

Beferencrx — Bedtenb.aeher, I . Fauna .\uslriaea. 

Kaltenbaeh, J. 11. Ptlanzenfeimle, p. 20.S. 1S,L. 

•^cnceun Schal., Polydruttim • ■ • 

IIoxls — Pyrus, I’runus, CYataegus, Malu.s, Ftvgus, Salix, Qiiereii 
species. 

Injury — Beetles feed on buds and foliage. 


ram Aninrioiaiw 


Die Kafer, p. (>74. 1S5S. 


Fam. Curculionidae 
5, .\lnus, and other 
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Iit'<tnf>ulitin — KurofH*. A**!?!, rt‘(*»*nt!y ifn|x>rt»*ii into I ntteJ (Iiuli.inai 

/it/fit ticf'i — Kaltt*iil>arli, J. H p 17*.^ |S7‘J. 

Harna^li. I*. Iviiirofori Kur« imm, j> .VK ls.s;i 
PitTcf. \\ . 1). Journ cri It *‘iit *) rjs I'.Utt 

.'f't tC* !<■•« JlK-t . hh >4 it* •< I ( >n ( 

S>jritiniirn - A*A v ophlhddrnu'u^ Sti-pli 

- OataevtUM. (Vr>lus, Hrfiila 

I - Kur» jH* 

- Kaltt‘niM< h. J H p l.'il. Jl)7 l''7‘J 

HarKaKi’. Hmi' A ri Kur» |h !. p I'M Is.si 

<inu tin.* (Hiv . Ag-riln.-i Sinitaf*- px-ar I ,nti 

t'lirimu Til t , ( ’r..r'i* S* rKii** 

Ifijitri/ I.arvM rtmrirN tn M. n . kirti' a n iiu‘ 

/ i.-'t! ihulior Tur- [)♦•. N't rfh An t-n* a 

Sffith, J N»-w \ Vjfr J \p >t:i Anr> n pt 15 .’.V^ Is'*} 

S raurr. I* H.-ti'ilMi. h •’♦•r !MI.'ii/riikr;iiikIi« i(« n \ Is7 l‘M ! 


nuK*j I Hl‘r . |{< -»• rlia^-r I i/it >■ 

\ ifj-i. Miilii". I‘vrj’~, K* ami « rhi r •» 

ur ’4 Him fri'M « fi f* ll«»w*T-. 'iii'I iVuif. nltM art- *.<ni rttn « ^ \i rv inji.: 

/ N‘ rfli An 

rn 1 / N*»*w ^ ^■‘rk Ni^f 1 > p >f.l Hul -hiI ,nl 

SlmvfiTl ifiM .\f \ . ami < >■ ’ H Manual *'i fruM in-Mf*. |» 

I'M i 


Klr^ » V . / n hfltiTi'fi hil 

pafcf*' H*»7 


I am !'■ 


t/rm* ’li/utfiA F-M»r , fhjtui'tA H*'.«pl>i rrv 1 am / 

Huhu.^, ( >ar wufu-. Maiu**. P>ru- 

/f'juri/ H«’i'tl»-'* (i’imI • It fjow-iT** .'ii'l f* li lif*' 

/, f 'jr<*p)i' 

S-)ra'i*-f, I’ I I' 'I'T I *Hani* n k fiwi k lu i T i It .1 I7J I'M i 

ii«'f ]‘>tjrn la iulnii 5 7 l I'M 7 


tnh'il iti4A ."^av, i ^ ' ' 

^^rrhni-, ^'ra^a'aCU** 
f JiAfnhu/ojv N'»rMi Air i n* a 

firf*■^fnrr^ I’lrrrr, \S f) \ »'Hr.i-ka Sta‘*’ H'* \iCr Aldt ripl I 

fMaffhl'"* W - . aii-l I t’lijf, < ' W Hh\ n<-It(.pit(»r,i cf math ' a-^ r.'i 
p * 0 » I'Mn 

nUnAij.lft Mi'Hh . \ ‘tnthcfLi * l a'll t } 

pfigi- lMi»7 

r%UatiriMx.A RanM . I an, / ' 

lioJtlA C f‘rnrtit» nr^/i *• . A I M'lalJ* flliT 

injury ff’i tl (,n foliaiJ*’ 

iHAirihulinn I 

iirfirrrrirr • Hl,an'’harM, f AriiiT I'fM 5 ij |x.V* 

1 t" ^ '' 

Sirl/ini>tuA ?»p 

paic»’ 


Li.i'iiM>rrr.WA 

\Mt«. AfnpX’F»|*«i«. f 'rnlnftju^ tummlonn 
injury i,ar>^a/’ fl u'll on fnlisig*' 


yh'i, . 

> <l< , 

r "Us 

IU]M 


iMi: 
ri' . 1 , 

'Jo 

ulll‘ 
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Di.sb'ibutiou — Eiistorii North America- 

/t’r/r/cnrcs — Packard, -A. S. Fifth rcpt. F. S. Knt. Coirim., p. 530. 1800. 

BciitciirnuclhT, Williatii I lawk inothx of the vicinity of Xew York City, 
p 12. I'.KId. 

nrhdtdun Fabr , Olclhrt utts Fa:n. Tortricidae 

Hosts — C’ratacKU'^, -Malus. 

Injuiy - I.arvac r< II l(‘avcs and cat them. 

/Jistnhutioh - Kuropc, .\sia Minor 

Hr/rmiCfN — Kaltciihach, J. H. PHanzenfeinde, p. 200. 1872. 

Theobald. F. \ Iii'^cct i)t\sf.s of fruit.'^, p 81. 1000. 


(uhruf’U'i Zk.. Hhoditfih'if - 1 Fam. Pyralidae 

Hosts — Crat P> rns 

Injunt Larvae ti(* leaver and eat them. 
lJisfnl>utio7i - Kurop<‘. 

Hofon }icvs — Kjilteiibach, d. H. Pfl inzt-nfemdi*. p 200 18,2 

Spulcr. \ S< bluett crhnjre lairopa':. 2 210. 1!U(). 

at'triiliin i SchitT , .1 d/j i March moth' lam. Geometridae 

Hosts Crat Malii'', i*runu''. l^xrii". (^uercii'>. liha, I Iriius, Acer, and other 

species. * 

■” Larva<‘ feed oii folia'ic. somctim**'^ defoliatmsi trees. 

Histnhittoni -- Furepe. 

— rhenbald. F \ lnse<0 pc't-. <»f fr.lits, p, 0] P.H).). 

ft tUfncdito llarri.'', Arnoo/r/o Fam. }i 0 cluida€ 

(See paj;e 1073.} 

nmnirn, , I!;irri.s, Ki„cn ,pt. r„ Lasiocampidae 

(N‘(‘ puRl' 107') I 

(itnaicfm Fabr , \f<tl-i<os<im i (Apple t<-nt calerpiii.ir I'am. La^tommpidae 

Ifnsts — I*ranus, Mains, (’ratae^n-^. Sorbus, Ho^i. .Vmclanchier. (^uercus, Sahx, and 
iillicr .siX'cics. 

Iiijiiij/ - I,nrvii<‘ )l('f<)liiU<‘ bniiiclH"-. li'iiit "itliiii .i 'ilkcii ti'iit. 

I)i‘<lriljulu>ii - N'orth Aiiicrica. , .. , , 

l{.f,r,‘nc,.s -K.-lt, K. I>. N'<'»- V-rk St if Mu- M-moir S- .,.)0, l.WO. 

SliMir.Tki.id, M V . ami ('n-l-y. e li. Manual of fruit insects, p. 11- 

KH » 


Fam. Nociuidae 
rum. Lasiocampidae 
Fam. Lasiocampidae 


aiiatipcuactln Hub., ('nhophitrti 

Spnotipm — < 'idfi/phiira Itlulhl /i'll. 

lii'.tls — Crut.'U’gu.s, l^iiiTi'US, Tilia. Ci rvlu... I'niini'' 'pino-'o 
Itijurij -- Larva nat.s ])at(’hcs of irrocii li''.''Uo from loaf 
Dislnhutuin Kiiropo. , 

Kifcrcncfs — Kaltimbach, .I- II. I’llanzonfciiulc. p - . ' 

Spulor, .\. .'i.liimtIorlinKc Furopa-, 2 400- ‘ 'lu. 


Fam. Elachislidae 


Fam. (Iracilariidae 


r am. OKI. ou/ 

anghcelln Stt , Onnz . . 

Hosts — CralaoKUs, Fraeana. 

Injury — Larva mine.s in loaf. 

Ihsirihuiinn — F.uropo, Asia, oiii‘ rccor.l in Mas..ai lU-i s. ^ 

Stainton, H. T Natural history of the Unmna, 8 i8M. 

Kalteubach, ,1. If. rllaiizeiifoiiule. p. l. L > - - 
Dietz, W.(L Amer. Kilt Soc. eaiis. - 3 .U. LKl, . 

•Spuler, .'^chiuetterhiiKe Luropas, 2 *10. *■ 

F'am. Tortricidae 

onyustinrana Haw., ('avua • . . 

Hosts — Crataeffus, Laurus. Sniiiav, Pyriis, ami nt h r sj 1 1 
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Injury — I^rVA tied leaved toj^ether ami feeda i>ii them. 
rhMnbution — Southern Kurupt*. northern Afrien, A.'iia Minor. 

Reference — Spuler, A. Sehmetterlinj^e Kuropad, 

iintiqmi I.inn , ( V’aporer motlO .Farii. Avm 

HosU — Malu-s, PrunUH, Iios.4, ('rataejfiL**, I'lmus, 'I’llia, ami other .MfH*eit^j. 

Injury — larvae defoliate hranehes. 
iKitnbution — Kuroj>‘. Asia, North Amenea 

Refermce.^ Packard. A. S. Fifth n-pt I' S Kiit (’oiiiin , p. .Vitl IVMt, 

'rheohald. F. \'. lu'^-et p«‘>td of fruitd. p •t'' PKf.*. 

•iryi/r>x.-<yil i W'alk , ArcHiy^ ' Frait-tr»*»* h*iif roller' Fam '! ‘'iti i< 

Set* paj?e 1077 

urthrmU Dru , H*Uiiirch\'i Fam. S jiUi'h-il •/<;» 

— r’rataei^H. <alix. Tdta. !*‘>pulu*< 

. Injury I*.:irvae eal leaves. e\, i*pt midnh. U'tfiunimr at aj>e\ 

Ihitrihutifin Ka.*'tern I ’mted ."'fates 

Rt‘f>'renreit — French, fi If Hutterfhes of the ei.^fern 1 nifed States, p Jns jwt, 
Kdward.-. H I S Nat. Mus. Hul. .k’> -7 

Fahr . //-iti/'irrAi i Fam //',.//( r/,/ . 

"'dix. fVunu.'*. -M.dus. d'dia. f ’ratae|fu.i. .ind I'ther « les 
Injury l.ar>a eatd le.af on lx*fh sides of midrih. Is Kiiininj; at ajx‘t. 

I)x.itr\hutK>)r\, F.wstern and siHifhern Fnifed States 

Rt^fereney.n Pa' kafd. \ fifth repf ( S Fnt Comm, p .Vt.1 IVM) 

Moiland, \V J HutterHy lHM)k, p 1^1 \\*is 


•if»-rrim-t W. k,, .NV/) Urulu. I’am .N' 

//»>4< ('rulueyu.i >>T'j'lciinthn 
Injury I.ijrva mines in le.^f 

I/\*tr\biUi4<n ■ frermany 

RejfTfure SpuhT. A. S^hmetferhflK*' Fuf'^pa**, 2 POO. 

Sft , \epticuin fatn N' 

SfnluA muluA^Rmnu* i'tnl-it j''* ‘>iu icnnlhn 

Injury larva rnim-s m le.af 

hi ilribtiUf’n fiurope 

Rtfrrftuy ,"*p'iler. .\ •'ehrijet t#-rIinKe Fufop.w, 2 I7't |‘0tt 

nurnnfytnu f!sp , //P'^rrux I' iin '/■ 

IIoAtA f<et»ija. Pop ihjs, U/Nt.i, jjs. Cralae|(i|s. ami other H|H «»es 

Injury f.ar» » eps leaves 
f >i^lr\.butn>r\ 

Rrfi'rrnms KaPenhvh. •/ ff I'flanienfeinde. p Jl'' l''(- 

."■puler, \ hrn* tferlinjfe Fuf' pas. 2 POtt 

hjjurii "iehllT . Ihf)rrui,i 1 

Itn*U Prunas, Pyras, Crataeg^us. fatfustrtiin, Synnijn 
Injury f/Arva eat.s fohaip’ 
hiitrihunon f.urnpf’ 

RrfrrenreA KaJtenha/h, d if f*flanjenfe|fi«|i». p Pi#) |s7d 

Spuler, A Sehmetterlinice F*iro|ias. 2 OS POO 

^j^tuiae Zell , lAth^^^Ul t\A ^ 

tI ,*U Cratv’SpH, Pvrus, Cydonia. Betuia 
Injur>f f.ar*«a mines m upj>»T sole of leaf 
hi*ir%huli>)n F'’*f^*f’^' 

Htfrrrnrri Kalt*'rd>arh, J If PHanitenfeiiidr. p P>S is7J 

spuler, A ."W'hmef ferlifiifr Kwfopv. 2 IIO POO 



LkPIIXJI’TKKA 


nil 


Linn., .Imp/itrfusis (I’epper-anil-salt mothi . ... ¥a.m. Geotnetndse 

Uvxl -1 — Malus, Prunuf, Cratae)fu.s, (Juercu.-^, L'lrnus, Populu.s, Betula. 

Injury — Larvae defoliate tree.s in late .suiiinier. 

Dtxituhulwn — Europe, A.sia, Japan. 

Urfi-rcnce ~ Theobald, F. V. Insert pe.-,ts of fruits, p. 04. 1009. 


III till CWrck , (iotindontfi (.''callop.'d hazel mot hi . 7s,m. Geometrii'ie 

Hoxtx — Corylu.s, Hetula, Prumw, ( lr.it ae^'J-*. Pyrus, Qj.rcus, and other speeies. 

Injun/ — Larva feed.s on foliane. 

Dixlnhulion -- Europe, .\sia, Japan. 

Itijrn nce — ('olliiiKe, \V. E. .Manual of injurious insects, p. LiS, lOPi. 


hsculiinii Wek., EpUArmn Fam. Turlrkidae 

Hnstx — Hetula, ('raluigux nxyuciinlhit. 

Injury — Larva ties foKcther terminal clasters of leaves and feeds mthin. 
Dixlrihution — \orway, Finland. 

Ui'fcrcticr — .'spu'er, .''chmetterlinKe Europas. 2 2S3. 1010. 


ftinndula Ifulst , Culrictln Fam. h octuidae 

Hdxt - ('rataej^U'. 

Injury — Larvae feed on foliage. 

Di'irihn'.ipu — Eastern I nited Slates, Canada. 

Rrfnmtcrs — Packard, .V S. Fifth rept E. S. Ent Comm . p. o3.3. ISOO. 

.Smith, J. IL In.sects of Xeiv Jersey, p. 470. 1000. 

/num'ilii Linn., Cheimilnhid f Winter moth' Fam. Geome'.rxdie 

IIos(x — Fruit and forest trees tewept conifers' and shrubs. 

Injun/ — Larval' defoliate trees an 1 may attack tlinvers or fruit. 

Dixlrifiutiiin — Europe. .\sia, < ireenland. 

Hi frrt ners — Orrnerod, E .Manual of injurious insects, p. .3()0. IN, 10. 

'I'heobald. F. V. Insect pests of fruits, p .30. 1000. 

■Mc-d. Phytopath. Dienst. Wageningen, no. 3. 101(>. 


I tl’inus Hub., Slryinoii (Handed heir-streak' 

Ai/nnnijm — Thcclii futucer (lodart. 

Hoxlx — Crataegas, (iuercus, Hicoria. 

/ njury — Larva eat.- holes in leaves 
Diilnhitiion — I'nite.l .States and Canada. 

Hrjrrcnccs — .Seudder, S. Uullerlhes of New 
Packard, .\. S. Fifth rept. L. S 

I'll liar Harris, llnlixidot.r (Hickory tiissiek moHP 

lliixix — ■ Hicoria, .liiKlans, ,\ialus. Cydonia, Crataegus 
Injury — Larvae e.it foliage. 

Ihxtrihuiian — I nited .States east of Uoekv Mountain's. 
liijirrnce -.Soule, Caroline (J. P.yche 6. 1.>S. 


Fam. Lijcnenidie 


LSS.t. 

53ti. ISOO. 

. Fam. Archi l :r 
and other species. 


England, 2.SS,) 
Ent. Coinm., p. 


LSOi. 


caliix Linn., Kriogasicr . . . . 

Hoxts — Crataegus, Quercus, Populus. Hetula. 

Injury — Larvae defoliate branclies, which they cover 
IHslrihulion — Europe. 

Rrfrrrnce — .Spuler, A. Schnielterlinge Kurepa 


1.11 


Fam. Lasiocampidae 
with .silken tents. 

7. 100.S. 


iirro/iin Linn., Plalysamia . , . 

Ilost.x — Crataegms, Malus, Pvru.s, Prunus, Saliv. .\eer, S,\nng 
/njuri/ — Larva eats leaves. 

Ihxtribulion — North .America east of lloeky Mountains. 
Ilrfcrmcrs Packard, A. .S. Fifth rept. t . S. Ent. t omm.. 

Hickerson, Mary C. Moths and butterflies, p. 


Fam. Salui niidae 
:a. and other species. 


p. ,33ti. 
1.37. PK11 


ISOt). 
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Lepidoptera 


ctritoldla Ppy., Lithm-olktis Katii. (hncilarivine 

Hoa'^s — CrHtaegU:<. Sorbus tortninnlis. 

Injury — I^arva mines in leaf on under side. 

DiMribution — Southern France. 

/^f/erfiKV — Spuler, A. SehmetterliiiKe Kuropas, 2 -11.5. IDIO. 


chii)H 0 f<em I Zell.. OUthrrutes Fain. TkiIiumIu 

I Set* 1077. ) 

chrysorrhr.i Linn., Eupr(*ctis 'Hrown-t.iil nioth< Fain Lynnntufii, 

HoMs — Cr.it le^us an J most other tleciduou.s frees. 

Injury — l..arvae defoliate trees. 

DiMnhuifm — Kur»>pe, .Asia Minor. NVw KnKl.anti ."^t »te.s. 

Hrfifrt ncr^ — Kaltenhach, J. ff. PH inzenfeinde. p. Is7- 

Spuler. .V. Sch'iietterliiiKe Kiiriip i.s. 1 l.Ti. I'.HIS. 


yUrkellfi Linn., l.yonrun Farn, L'/ontiih! > 

floMt.H — Pvrus, Prunus. (^rat u*jcu.s. Sorhus. Hefula. 

Injury — Larva makes serpentine mine in leaf. 
iJi-tlr ibuthfU — Kurope. 

lieft rrnct^ — Spuler. Sehim tterlinxe Kurop:i.s. 2 12*J. I‘00. 

« 

o^rHluu'ffthula I. inn., l.iloini i f ijfiire-.> moth * Fani 

— .Nftlu.s. IVunu.', f'rat iejfu.H. and other sp«*ries 
Injury ~ l.ars a e its f.ih iice, s irnetime.s defolt.itimc h.iH tliorn liedijew. 

Litfrihufion - Kuroj)**, .V.nia. 

Hfft'Tfju't < Kaltcnii.ich. j If. I^tlaiizeufeimie. p. 1^72 

The(ih;ii(i. F \' fn-M-et p-.t.s of fnnr.s. p. <i't. PHC.t 


royn 1 (lUen , L cm l am. 

■ .Se«* p;t+fe |07h. 

rognnirilujt Hub, Y fHiruirn* utn ' UedK’’ ermine mot li • Fain. ) ptnunni ‘iU'i d 

IIojitA - f'r it irjot myacnnthrt, Kuonymii.s. 

Injury — Larva eats leaves, s nnetiroe.s .strippint; hedKe.s. 
ljkAtr\h)Uiitn " Kurop<‘. 

Hfjrrfnrt’A Spuler. .\. .''ehmetterlimce Kurop.a.s. 2 111. 1010. 

P. Jardiiia((e 4 •(*►•1. J*t| 1 

ronrinn'l .\. and S., Srh\. urn f I{ed'hutr:[«d apple eaterpillar : Fnm. .N 

{{hmU - .Miilu.s, C’r.ataejfus, Prunu.s. Pvrus. md » f her .sp^-eie.s 
Injury - Ijirvii#* defcdiate bram he^. fe«'dmK in n eolonv. 
hiMrihulion - North .\meriea. 

firfrrrrirf'ji — Saiiiiders, \Niniaim (’an. ent. Id 1.50. 1 .Hi. I 

Slinj^erlarid, M. V., ami Crosby. C. IL .Maiiu.tl of fruit in.*«*rt.s. p 1 - ' 

nrnrnmxtrHa LlthfrCoUftiH ^anl.0o/' 

Synrmym I^ilhprnllftm pomiJohrUu Zell. 

HofiU — Mftlus, (Vat^wifu.s. 
injury - - J^rva mines in leaf. 
iJiAtrihiiium - FOirop#* 

Kaltenbirh. .L If. PfI »H3Sen Vmde. p lOS. |S72. 

Spuler, .Srhui'-tf ‘rlin^e Fufopis, 2 1L5. lOlO. 

rf/nifflntella (IfTck , I'am. / ^ 

//oirU — Oataej^ufl, S/»rbus. Prunus. Pyrus. Kubus. Berl>eris. laKustrum. c 

gpreira. 

Injury — I.3rva tiea leaves together and feeds on ihein, 

/}Utrihutum — Fhjrop<*. 



Lkimdoi’tkha 
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/j’c/rrcwfejf — Kaltenbiich. J. H. Prtatizeiifcinde. p, 210. 1S72. 

Spuler. A. SchriietterliiiKe p:urcpai-. 2 2TA. 1010. 

ontamiuana Hub., Acnlln Pam. Tortricidae 

Hosts OratacKuw, rrurius. i'ynis Malus. (^uerrus. and other species. 

Injury — Larva tie.s leaves together and feeds on them. 

Dislrilmtion — Kurope. 

Rejertncea — Kaltenbach. J. H. I'flanzenfeinde, p. 200. 1S72. 

Spuler, .V. Sehinetterlinge Eurrpa.s, 2 24.'). 1010. 

on i/hfnlicllit Haw., LithacnUrtnt Fam. (Jrncilnriidie 

Hoxls — Crat;«>Kus, Pvrus, Malus. .'sorbus. 

Injury — Larva inine.s in leaf. 

Dixtrihution — Kurop<‘. 

Reference — Spuler, .\. S<'litiH'tterliiige liuropas. 2 417. 1010. 

(.ratoegann Hub., Cacoecia F,am. Tortricidae t 

Synonym — Penthinu rnbrnnn Sehiff. 

Hnsl." — Crataegus, (ptercu.s, Betula. Populus. Main?. Cotoncaster, and other species. 
Injury — Larva ties leaves together an<l feeds on them. 

Distribution — Kurope. .\hia. 

References — Kaltenl)ach. .1, H. Pflauzenfeinde. p. 200. Is72 • 

, Spuler. .V .Sehtnelterlinge Kuroptis. 2 247. 1010. 


cintoeijella Clem., IJthocnlh hs Fain, Gracilnriidm 

Hosts — Crataegus, P\ rus, Ib-nnus n rotina. 

Injury - - Larva tmtie- in leaf. 

Distiibution — N'l rlh .\ineriea. 

Refeienres Hr.iun, \. F. .\iner. F.nt Sue. Trans. ,14 ilOl. 100s 

Wil.s III. 11 . !■'. Oregon .\gr. F\p. St.i. Bieii. crop pest and hort. rept. 

2 110 . 101 ,'.. 

ciiil'ir'jeU'i l.itin . Scyitiidfin Tam. Ypnnomeutidae 

Hos's — ('rat If gus itxyuc }nlhn, Ptunus ^/nnosi, Pvrus. 

Injun/ - Larva spins a tent over the branch ami eats the leases it lull it. 

Dtslnbulinn — Kurope. 

/I’e/eieiiee.s — Kaltenbaih. .1. 11. Pllatizenfeinde, p. KiO. 1S72. 

.“spuler. .\. .'selinietterlinge F.urep-..s. 2. 110. lOlO. 

crntiieji Linn.. .4 puria ( Fruit -1 ree pieriL invo. Picridae 

Hosts -(’rataegus. Partis. Malus. Prunus. Sorhiis. Salia. tluereus, and other species. 
Injury ~ Larva tats foliage, often stripping trees. 

lUstnbutwn — Kurope , , 

/iV/e,e)ice.s — Heeh.stein. .1. -M . and s,,.harfenlH'rg. C. L. Xaturgeschiehte der seh id- 
liehen Forstinsekfeii. p LSO.). 

Sa.s.seer, K. 1!. .lourn econ. ent. II 120. lOlS. 

eintuegi Zell.. Huccnlotrix 
Host — Crataegus. 

Injury — Lara'a mines in leaf and later fet'ds externall.a on leaf 
L'l.anihidmn — Europe. 

Reference — Stainton, H. T. Natural hi.'tory of the 1 ineina. / t) . 1. !>-• 


Fain. Lgonetiidae 


natnegi Saund., Catonla 
Host — Crataegus. 

Injury — Lara'a feeds on foliage. 

Distributnm - Kastern North .\nieriea. 

References — Saunders. William, ('an. ent. S 72. 

Packard, A.'s. Fifth r.-pt. F. S. F.nt. Comm., p. o.L. l.NKI 


Fam. Xoctiitdae 



111 ! 


LkIMIH)I»TKUA 


rraUtegi I. inn , Kaiti. I.n.^> „ 

Hosts - I*runus, ('orylus, Hetula. Salix. AIiius. 

Ifijury -- L irv.i (^hhU on foliaj?**. 

Ih'iti Kurojv*. Asia Minor. 

Rt'fW^ru'e - Spiiler, A. Sohnu*tt«*rlin^* Kurop.vi. I III. P.M)-''. 

crat C'h‘ni.. Sfpticii'>\ S • i>< , i u 

Host — t 'r-it unii<>rii. 

Injury — I^rwk rniiu*.'' in U\af. 

I>i>frt^oMt m - F'astorn ruift'i St it*‘8. 

Rt tWfncf - I’-u'k.'iril, A. S. Fifth r*'pf ! S. Knt C’.nnm , p. .'>'i ( ls'ii> 

rrnLir‘>jij'olUil I (''h‘rn.. Ornii (ii i< j' ^ 

Ho<t — ('r-U tf-jus tornrntoM i. 

Injury ■ L.^rv i in 

histrihuti in F w-'OTfi Fnit***! ''t.it#*** 

fi,', ^ i\irkir'l. \ S Fifth I S. Fnt (''ninn.p .')i|. IV»'I 
Dirtjr. W (i AfiH-r Fnt Sor I rafi' .M J’tJ. 


•'nt'uilii . L'fphopu^ryi F.iin A 

S^n ,n’/fn ■■ \ ‘f I'lonf t H ih. 

- . 4 'vr r 

Injury f.arva on 

I/iAtr\huiion Fiiroj>*‘ 

Hff*‘rrnrf. Kah^ nharh, J H FM p. Jiis 

i^urullnUlii f.inn . .Vo^j !■ un A-'/J 

Synonym Hrrryn^ pilUoldm ffuh 
//•>^'.< Ppinu.i. Maiu.i, ( ’rat.wi jfn-* 

Injury f.afva foliai?**. 

hi4tT\}opi,nn 

Ht'ffTtnrti h. .1 H l*!!:iti/*-nf*‘in»i»‘. p 1^7- 

SpijhT. A. .•'Wiiio t •-rhnff F'lrop w. 2 l^"-. I'MO. 


('h.ifnh. iiln^t-i^lnrn i Hawthorn fruit rnin^T l arn ^ 

pi^'* lO'^l 

.{f’’' irijrti t ^ 

S*** pai(»’ l 07 .i ■ 


fUf’dvirin I, inn , H'Jf rnii fnoth’ I' 

H“Ati M.alrH, Fruti'n, Ih'tiil v. f’-'rvlu**. t ‘rata»'jcnff. Ihru'', .ui'l 

Injury »l‘'fohat * tr»*»'4 

lH*trdfuU'TU Fu rr»p*’ 

KaJf>*ni>a^*h, J M Pt1aaz<'iif»'ifi‘h*. p Hah 
Th**oh.ahh F V In.4**rr p-it* of fruits, p. I'.KK* 


ff 

li. r 


disi^tr f,inn , Lymnntrin fiijwy riiofh rain 

Hofts Sp*'('M’^ a v>Tv fr#'<|»'r '»n f ‘rutni'ffu.** a favor*'*! f*""! ! 

Injury ■ Larw 

I)i*fr%*/u/inn V,ut<r\r'. Ania. NVw Fni(Umi Statr-n. 

Ufft^rmr*’* '•puh'f. A S<'hfnrtt*'r!inK*’ K ir»»p-M*. I !*H. 

Af*rth*r. F. fF 1 S Affr. Drpt. Mul 2 .V). I‘»I-V 


di^irvi Hijh . \f il tr }9 tm I ' F*or '4l t«Tit r .’rpillar • 

Ho^ts - Aft'f. l^urrnw. f*rata*'jpM. .Mafua, aii«l othr*r RpTri**?*. 
Injury I^rva#* *irfohati» l)ranrhp<*. m rfihmina. • 



IhAtrihutinn - \orth Arnfnrn 



I.KPIUOITKIi.V 


lllo 


Kfjcrencea - - InHccI life 3 ITS. 

In.soct lift* 4 


S‘H». 

7r>. IS!) I. 

SlinKcrlHinl, -M. V., and Crosby, C. H. 
1!)1 f. 


Manual of fruit insects, p. 119. 


Fam. Geometridae 


(hihitata Linn., Triphn/in 

HnsU — CrativegvLs. I’runua, Ilhamnus. 

Injury — f.arva webs leaves together and feeds on them. 

Dislributioii — Kurope, .\.sia. 

Rejerences — Kaltenbaeh, .1. H. Pflanzenfeinde. p, Kifi. 

Spuler, \. Sehinetterlinge Europas. 

ijihemeraefurmis Haw., '/'fn/nV/opten/J fCoininon bagworrn: Fain. Psychidae 

llost.i — ■ Species a very general feeder on trees and shrubs, including Crataegus. 

Injury — I.arva defoliates trees. 

I)i.<ttribution — Xorth .Vtneriea ea.st of Uoeky Mountains, 

Ri-fcrence — Beuteninueller, William. Fnt. .\mer. .1 IdT. 


1S72. 

1910. 


1SS7 


I phlpprlln Fabr., .-{rgifrciilhid 

iSyiwnym — Arijyrfnlhi i iirunxlld Linn. 

Ildsts — CrataegtLs, I’yrns, I’riinus. SorbiLs, Corylus, 
Injury ' — f.arva eats leaf and blos.soiu buds. 

Diitfibulinn — Europe, .\si.a .Minor. 

References - Kaltenbaeh, J. H. Ffl.anzenfeinde. p. 210._ 
Spuler, Sehinetterlinge Europas, 2 447 


Fam. Y pnnomeulidnc 


1S72. 

1910. 


Fam. Xoctuidne 


Xaturgeschichte der schiid- 
1910. 

Fatn. Gelechiidae 


enphorbinc Fabr., .Acinnycld 

Ilo.tt.s — Species a general feeder on tri'cs. including Crataegus. 

Injury - f.arva feetls on foliage. 

DUtrihulinn - Europi*, .\sia. 

References — Kaltenbaeh, .1. ff. Pflanzenfeinde. p. 20S. ISi-. 

Spuler, .\. Sohmetterlinge Europivs, I bi9. lOb''. 

fdbi widrui Linn., Simaelhis . , , Olyphiplerygidnc 

SyTumyirus — Tinea niydcanihelln Linn.. Cramhut. iiryeennlhde habr. 
liosls— Ertica. Parietaria, Symphytum, Crataegus. 

Injury — I.arva feeiLs in leaf roll. 

Distribution — Europe. 

References — Beehstein. ,1. M., and .''eharfetilx'rg. (i. L. 

lichen For.stinsekten. p. -SO.*. LSO.i. 

SpuFr. .\. Sehinetterlinge Europas, 2.29(. 

fdseirllus Huh., Hdlcnphnra 

Hosts — Pninu.s, t'rataegus. 

Injury — - Larva ties leaves together and feeds on them. 

Distribution — Europe, .\sia Minor. 

Reference — .Spuler, A. .Sehmetterlinge J'.uropas, 

.delehercUa Fern., ('olcophnra (Cigar eivse-bearer) . . 

lIo.sUi — Malus, Crataegus Pyrus. Cydonia. . i, ,„i„„ ..ronnd each hole. 

Injury — Larva eats holes into leaf and makes a .small blote 

Distribution — ■ Xorth America. 

References - Ilammar, A. O. F- h" V^nual of fruit insects, p. 47. 1914. 

.Slingerland, M. \ ., and (. rosin, V . It. - 

r I’am. Isociuidae 

' ulmine.a Hoop., Ceitoeold . . 

Syruinym - - ('ntocaln parnnympha Linn. 

Hosts — Crataegus, Prunus, P.vrus, (Juereiis. 

Injury — I.arva eats foli.age. 


2. IF)!. 1910. 


Fam. Elaehistidoc 



l.KiMixiri i;u.\ 


1 lie. 


I>istnhuti,>n Kuri>p<*. 

Heferences — K:iltoiihf»fh, J, If. IMImiieiiffiiuif. p. ‘JO-S. 

SpuItT. A. Srhn>ett*‘rlii»*c*‘ Kurcpii.H. I :iI7. I'.KIS. 

grminatflla Pack , (hmj rn*.px>tt»‘d t»‘nti!% riti leaf ihukt of Hj>pU*' 
Sgtuifiym - /, 

- (^rataejoi.*^, Pyru.'*. Prunus. 

Injurg — Larva iiaiie.> 'n\ leaf. 

I) i<trihut!>>n - Kaatem l iiited State.-*. 

H*frr>'t)c*' L Joura atcr n-N 6 Jvt l'tlt>. 

S<’hifT.. f'iUi 

//.w/.v — PruniL", (’^at^ieJfu.s. 

/njnrg - I^rva fetn^s dh fi)liai?e 

J) i .ilr I hu tmn f' u ro px- . A ** i 

Rt'Ur^'HCfA KiitenLaeh. I M. I*flaiii'enfem.!e j> A*'' 1^7 . 

Sp^uler. A. Sj hrijetterlinKe l!urop:i*^. I 107. PHN. 

'j**thirn I.inn . 

- C’rat'ieipm, 'Lilu. l^»»er« U". an»l o!h» f •*p«Tie.'K. 

/a^urv - I^rva uri 

l)i^trihnl\,in - Kuri‘(X‘. 

* Kalfetii»a**h, f If f‘ll'i(i/eoft tiiO*-. p At'' I''7.'. 

^(Milef. .\ SelldietteriinKe Lur* pa-. I ■J.'Vl l*»Ox 

' 7 <j Sh . 

ff'l'tr i Larva rnifieM in (eaf 
Lnrope 

f{,fprtr'iii » ’'pnlef, \ S'- Im e f • ifll !i ife J- IJ f* p. - 2 I7»* I'tlU 

'I' liit‘hr!ul 

t 'r V* "u.*. I jiMH. lOiLu-- m-l ‘ f L* r -jx * h*- 

Larva t»e- le^ve-^ ti, * «'n then' 

A-J.* .Nloier 

r \ p f{ »*t r»-f ijngf | un p»: 2 JP* L^Mt 


l‘ a in. ( 1 1 IK ) Ini I iilnr 


Lain hi'KK.j.i.i'r 


1 . 1(11 .\ '■< .vi'i' 


1 iin \ < 


I tin / '' 


htl'pfplht I)up lair t 

//•m-n f .M.il'j-. P’, rn-* 

fu}Ufif IwiT*. I fiinftel-, irt ''r'itt of < > if.iejcu-* ; n*l in fruit -jjur- ami 1 ui'- "S ippl- 
i. I <.'rjLu/o,n I' urojM- 

Hr'f'f *f he<.f»,ti‘). f V «*f fruit*", p ' 1*0*1 

Spulef, \ *'« hu •-tt# rl’ri|fe Lur* ua**. 2 •i''7 PtIO 

ht rnfr-'hifl In yt »*p , ('<>lt • i fih orn 1 -in* ^ 

f r t* iesfU’%. Pvrt;x. Prunu- 

/ f )•*’’'/ f.nrv H eat-s ni \r nhafnal an-va from inP* r *ml»’ of leaf 
/ > »fri;h>th"’f L'lrojw' 

fi*ftrpr^r** K^PenLk'h. I If P(Iaii7.eiiffMn<|e. p **|0 1*^7-* 

SptiL-r. \ liif" tu rliriK** Lurfipa-*. 2 MNt, P.M*> 

''rKif? , ^ *''' 

ffniU f rafvsfu^. Pninux ."orhun, MhImj*. Alnu«. Peftila. Lagu-. am! < r 

fnjurg I^rva ro(U Ie,*f an*! fee*tj*i wifluii trie roll 
Ihilrihiitifm f!urojx'. Japan 

Hrft^rt’ni'’ ''•puier, V .*# hrm it# rluige J ,iirr*Tw»«. 2 JP.t PtPI. 

hulmiatift fjnn Sc dhi ^ 

ffi.ttM f’rat »efpM P'»^. Pr>inij.«. CJuercux. 
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inio. 


1.S72. 

1910. 


Fam. Nepticulidae 


Fam. Woctuidae 


Injury — Larva ties Ic.ivc', togcthiT ami feed-, oti thorn. 

Oistrihulioii — Luropi'. 

Ihferencr — SpuliT, .''oliriict torlmxc Kuropa'i, 2.244. 

UjunhildUi Stt., Siptu-idu 

llosi — Crtil'iryuH fWiuciinthii. 

Injury - Larva iiiim-.s m leaf. 

Dininliulinn -- I'.unipo 

Ucfnrciurf -- Kaltonhacli. .1. H. Lllaiizoiifcindv. p. 211. 

Sp ilor. .V. Si hiiioltorlimro Kur.ipito. 2 177. 

iiiitriu Hufn.. TiuiHiicimpii 

Synonym -- Tnini 'C inpu indnlnlf- HiiO. 

llost .1 — ('ratai-KUs. I’riiinm. (^uorcu.--. Malus. and othor species. 

Injuftf — Larva (ait.'' i('av^‘^, and soniolnno^ oai*' hoU'.i in apple fruit. 

I>i.\lnliutiiin - i;uri>|M', .Vm.i, .'^uuth Ainern a. 
lirjirrna.t - Kalt('nlia(h. J. II. I’Hanzenfeimle. p. 20.S. 1S72. 

Thenliald, 1'. Inject pcM-i nf fnilt.^. p. iKi. liKltl. 

indiyrnf Uii Zell.. \lin*tdu I l.oiif eruinplerf 

Synonyms - Arrnh f^is nthnhlln Kilev. Phyiitn ntlfiilo alsh. 

Hnsts ■ .Malu.s. Cralaetcim. //icmi'i p'l'do. and nther species • 

Injtyjy -- Larva ft'vds on leaies, living in a ca.se composed of leaf particles and silk 
Dislrilinnon — N'orth .Vnierica 

/f.'V/c'icc - liile\. f' V. Fourlh Missouri report, p. 42. l'<72. 

inttytrrinid (Land H.. Ihiinnn ’Black-walnut caterpillar' 

Hosts — .lu^laiis. Iln'oria. .\lalus. ('rat. leirus. and other species. 

Injuiy Larvae defoliati* liranches. feeding in a colony. 

Ihsl.dmlinn - Ha.'tern Fnited States. 

/fi/ircncc - Packard. .V S. Nat. Acad. .S-i. .Memoir 1 1-0. LSOo. 

Lniisiidtunu lla C'luinih.. Orrur 
llc.si 

Injury Larva mines in upper surface of leaf 
Disirihiihon - F.ivstern 1'mtc‘d States. 

KiftTtnrri ('liainlHTs. \. 1. Can. ent. 5 
Paekanl. .\ S. Fifth rept F 


Fam. Pyralidae 


Fam. Molodontidae 


Fam. Gracilariidae 


IS, ls73. 

S F.nt. (’omm., 


.>20. 


1S90. 

Fam. Saturniidnt 


Fam. Tortricidne 


210 . 


FS72. 

1910. 


lo Falir., .4 ntomri is 

tSi'e pane 1072< 

jnnlhinanu Dup.. (Iritid'o' .ihn 

tsyniinyrn -- Torti i.r ttoisnni .slelntT. 

Host — Crataeifus. 

Injury - Larva lunnel.s in fruit, then in Imiks. 

Dislntnitiiin - Liirojie. .\sia .Mini r. 

Hrjirmns - Kalti'iiliaeli, .1. IF PHanzeiifeiiide. p. 

Spuler, Sehmetlerliin'c Luroiias, - t 

tnensirnin (luen., Mrsolnirti 

Iliisls — Hul)u.s, Betula. ('rataejtu.s, Sali\. 

Injury — Larva feeds on foliage. 

Distnlmlinn — Northeastern North .\meriea, F.uropt . ,„ntlisof the Fnited States, 

Hrfcrrnrrs - Packard, S._ ^ A mono«raph of the seonietrul moths ot tin 

p. 15S. 1S7(). ,n|v, 

Smith,.!. B. In.seets of New Jersey . p. l.i. ■ ■■ 

Fam. Lnsiommpidac 

lanrsiris Linn., Kriognster ... 

Hosts - I’runiis, Crataetfus. Betula. I ilia. Sail'. 


Fam. Gcomcli idae 



ms 
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Injury — tlffoliAle braiirhoN rets.iiiig >n^‘^ 2 iri<»usly in a whiti* of ^Ik 

Ihstribution — Kuropt*. Asia. 

HtJtrtncfjs — Kallenbai'h, J. H. Pflanzt^nffiiuit*. p. Is7^\ 

Spulor, Si*hiiu‘ttt‘rlinK»* Kurt»ptiM, I 117. 1^>0S, 


Wucatella Clen^k , HrKurmnn Fain. (i(’k luni,}. 

Host.^ — Craiat'jfiLs, 1\\ rus, Prunus* Sorbu.**. 

Injury - I.arv.a ties K‘a\t\s ti>jp*tlu*r ami <»n thfin. 

IhAtrihuiitifi - Kur»»i>»*. 

Hffr'f’rru'ts Kalt»*nbai‘h. J. If. PHalii<*rifeiiuir. p. lMO. In7'J 

Spuler. .V. S< h!n»*tterlinK»‘ Kurop:L!<, 2 A')*k I'UO. 


ifitrttphntariit S^'h.tT . Ilibrimn Farn. ( it ■■ i.i.;, 

lh>,<U (^uerru.**. Oafat jfu.**. Prumi.'*. anJ «>th» r s|>* « i» .* 

Injury Fafv a eats f 
h\.<trihutK>>n Furiif>»*. Japan. 

* iufrrtucn K.ilT»*!ibaeh. J II. PH.‘iiu#nf«imlf. p. Is 7 J. 

.'^puler, .\ Kiif.-px**. 2 PMO 


lrnr»^iiym>i A. ajnl S . I{rtnrriM'timi>4X W hit«-li;.arkf*l tn*s.so< k <’jiterj>lllar l afii Li,n,nulnfi'U 
' .w**.* p:ufe In 7 .i ' 


Haw, A^'n F'arn {‘lu 

Sy rii'f\ytr\ S ' /, mp/; /»// rn* oi t »U» ti 

liojttA Ko.**. Fraic.vn.k. 

Injury l.arva ••at'* f*<'lia;r»‘ 

I^Atn .\ort h .\ fnen* a. 

Paekar»I. \ > fii‘*m»ifT:iph of tin* tnoihsof ibr I iiiImI <i iti v. 

p. 171. l''7*i. 

Pa/kar'i. A. ,< Fifth r*pt F Fnt f 'ointn . p. -Vld. Is'«). 


li*iv afol I^‘e , Mrymon hair-str* ak I ini 1.,' F' 

Ii‘->tA .\(al'A.M. t ’/rtf.ii Pnmu.**. .\fn»*lan« hi»T. Salix. {/iirmiH. ‘iml nflur 
h^jury entire leaf an*i ♦lO'e.s Iwires into fruit 

lHi*rihu!\,fin I fiit»'*l .'^taffM, ('ana^i/i 

Hffrrrfu'n ''eul'hr. Mut ferflie?* of \ew | fijrlamh 2 ^77 

Pw kafJ. \ *' Fifth repf I ^ I'.nt ('m(iiIii . 1‘ AWi iVM) 


lutiijru l.inij Trtrhn*t.i l ain \ 

H * 1 ^ »rbii* 4 . Oaf kejpi.^. M.khi** 

Injur'i e.afs lea'.e.* 

} h*lr\huli'>n F.urojje 

Hrf»TriKrr .'"‘pulef. .*•< h ni»’t t#‘ri»riK*’ F.Ufopi,**. I 1 k*!. pHlS 


'unnritt l 

If'nt.i .\faliH, Pruna*. f 'r.if.v*u.*i. »n*l other 

Injury t *'V* h•.ave»^ 

/>i.+;rihu/em }'.nru^ 0 \ 

lOft'renrr Kalfenh.if h, J If Pflaii/er»fe|.n|e. p Hk) I'XiJ. 

hilfifr t, HaW , >fr .'mmrr^i/imoj I'atn ^ 

.'>,ynttn]jm .Su' immrrfinmxa nty^wunthriln I>iip 
IIoitA f •'^'fbtw 

injury f*Arva '-ata pafenrh yrnoij.^ of |ea\»»ji, whieh it !(*•»* tojreth* f 

IhAtr^m'ifrn F,uroj>»‘ ^ , 

Htrfrrrnrt* K/iheftl»»rh, J H Pflanjw'nfeimJ*’. p 7^2. I*'*- 

"piiler. /V '^’hrnrf U'fhnijr Kiiropix^, * 4 h» PHU 




{ll< 
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lulruu.mr, C. and Acnmi/rla Nocluidae 

(Set* page lO^.i. i 

luUuUila Linn., OpUtho'jmjAii Pam. Geomelridae 

Synonym — liumi'i crat'U-rjatn Linn. 

HoaU — Oatao^fUH, Pruiius, Malus» I*>rus. Sorbus. 

Injury — Larva eat.i foliaife. 

Distribuiinri — Kuropo, Asia, northern Africa, 

Riff’rt'nct' — KHltenl)}ich, J. H. Pflanzcnfeinde. p, Ibo. ls72. 

(lucn.. Knnorn'ts Yam. Geornetridae 

(See pa^v lOTfi. t 

tn■lhf>>l{rU(l (Mern.. Tischni t <.\pple tminpet leaf-tiiiner' Karn. Gracilariidae 

Hosts - Miilus, Ojitai'KUs. 

Injury - Larva mines iti iip])er snh* h-nf, widt-niiiM: the n in»* jrradually as it grows. 
DiMiibuixmi • Xorth Afi-eriea. 

Rtftrfurts - l^ai’kanL A. S, Fifth rept. I . S. Knt. Cornni.. p. 53»). 1S(H\ 

(^uaintaiiee. A. I.. \ . S. Knt. Hur. Jiul. (is 2.‘L 11H)N. 


Ill ihm'ihfnlu lln Lraun, f.ilfu-cnlh hs (Sp< tted teiitifonn leaf iriiierof apple) Tam. Gracila) iidae 
Hfsts -- .Mahis, ('\<ionia. ('nitnr(ju.< tuidh.s 
Injury • Larva mine.*' in umh*r suh* of leaf. 
iJisti^buiiou h'.astern Lnitetl State.*J. 

Rffnrna' - Hraun. A. T. Amer. Knt, S« o. Traii.'^. 34 19t'S. 


ni divtuuUti Hiley, CoUophoKi 'Pistol case-hearer- Tam. Elochistidae^ 

( St*e pagt* 1071*. ) 

ni intro Doilh.. Hcti roc imp i Tam. Aoiodontidae 

(S(‘.‘ page 107 L' 

uiinjininio Borekli., Iht>nfii'i lam. GtOJnt'irxdae 

Hosbi - - (Vataegu.s. lh*tula. (^uerou.". Tilia. Popuhis. and other spei'ies. 

Injury ~ Larva eats foliage. 
hi.'iinbution ■ Ktir<'p<*. .\sia. 

Rtj\nn(f.s Spuler. A. Sehn'etterlinge Kur< pas. 2 09 191(). 

Pierce, I). Manual of <langt“rous mseits. p ld2. 191 1 . 


intlinus Mull . Sti yman i('ommo[i hair-streak* ^ I^^nnuuiddC 

Hosf.s - Hops. l>4‘ans. ('rata«'gus. and otln-r sj»eci<‘s 
Injury Larva eats h-ave.s and stnnetiim-'« Lores into fruit. 

Di-'tnbutioti \or0i .\merica. (Vntral .Vinenca. 

iG b .t tiers ' Sciidder. S Hut tertlies <'f Xew' luiglam’. 2 >**>0. 

Pat kard, A. S. Fifth npt. I • S. Lnt (\>inm.. p. LXtt 

('ro,sl.,v. (', IL. :ind Lv-nnrd. M. 1> Manual nf vuRitaliln f-ardun 
insert.s, p. M. I!0^. 


numslrfi Dru.* Dtitdti'i ( Vellow-iiecked apple caterpillar 
(S»-f‘ pagt* 1077).) 


I'aii*. A'ldodoiitidue 


nt'iopifitrmc Bkh.. 7Vor/ii/i!i7?i 

Ilofitji — Mtilu.s vi communttt^ Ptunus don tstioi. ( rataigus 

Injury — Larva tunnels umh'r hark of unhealthv trees. 


Fain. Si sit dor 


/)i.s/ri7n;/ion — Kurtipe, A.sia Minor. unn 

/fc/crcncr - - Spuler. A. Sohmetterlinge Kuropa,s, 2 dlO. L H*. 

ini/op.s A. an(i S , Paotii ift 


I'aiii. Sphinyidac 


Hffstji - Prunus, Crataejcu***. Salix. ('orvlus. and otlier species. 
Injury - I.arva eat.s Iravi's. 
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I'istrihution — Kastern I’nittHl States. 

Htfertfict - Paekard. A. S. Fifth n*pl Knt. C’orniu., p. .VJ.*), odt;. Ivh) 

fuif’rnna Hub.. Fjim 7--///,, 

Hosts - I’runu.s, (’ratat'ioi?^. Maius. lUiamiiu.s. Sorbu.s. Ilev. aiid other >pr( U '; 

Injurt/-' - I..ar\a eats leaves of new sinwjts and ties tluMii t<»j<etlier. 

Distntniturn Kurt»|M‘. 

Hejtftncfs - Kalleni)aeh, J. If. I’tlaii/enfeinde, p. JH). l.sT’J. 

Spuler. A. Srhfnett«*rlinic»* Kurt»pa.s. 2 -T.f. I'Mtt 

nanrlhi Hub , Hrcun irvi - I.e.ss4*r apple bud niolh' Farn, (i<!iihu,l-, 

S>jnot\ijfn - ni t Iius4 k. 

- ( 'rataejfu.s, Maius. Fvras. Frunus. 

Injurif - I.ar\ae desiro\ o{)<‘iuni( bud.s. aiof mine in lea\e«* in late siifiuiH-r. 
Histrihutinn Kurojx-. North An»*‘nea 

Hfft'rfHt't's Seotr, K .ami Fain**. J H I S Ajcr. I)**pt. Hul, lid I'llJ. 

Sander^. <*. K.. and Du.Hf.iii, A K (’anada A^f Dejit . Fni. l^rnirli 
Hul lu F0‘» 


fifUitnii fann . Laekey moth Fam Lo'^vk- ittti^vhu 

• Maius, F> ru-**. Frunu.s. ( ‘r.itaejfus. Fopulus, Ihuula, (^uercus. ami culjer -[>♦ ( n 

/itjurv I.arva e.afM leavo-*. fre«juriif ly drdohatinK fruit trees, and builti'' -ilk»'ii imu 
0\er et.luuv 

■ Kurope. A*«i.a 

.''•puler, V SehmetfiThluC** Kur<»p'is, I II*>. FNts, 

Tle-obald, F \ ■ of fruits, p dl) I't)**. 


ruttdrll/i Fabf . Ar‘/'/rr.*(hifi ( ’h»TTy fruit moth I'am ) }>"hi'riit 

iVunas, Frataeifus. 

/floury f.arva de^fro%« vounK Hh*s»t.s of h.a^thorn, and lH»re** into rfu*rr> fruit 
ihtlrxh'^txofi Kurof)** 

fi^frrtfu-y* Kaltenbaeh. J H Fflainenfeinde. p Jll !''*• 

d h»'obaId. F \ ItiH^Tt [M*<4t.s of fruits, p F-t_* I'tfr* 

Spuler, hri eif«TliiuP‘ Kufojwis. 2 I IT I'.Hb, 


f'lixtiflltj Hein , .Srffitruhi I ■!”' 

//o 4 t 1 '•/'ynenoMu. 

h'juF'f Karv.'i mif 4 »'s in b-af 
hiAtrxh'itK'U hw» Mf» rfi trerm.aii> 

H^fTrnrf "piller. \ hrio t f # f Kuropas. J l»l 1 ' 0*1 


f(u/^/'u/nnn ('hue , 

S^*e Hf77 

r>.nh)ltiti,n Hui». ( t\^ph.njti/i 

}i>.AtA < 'r.»t ae|fji.s. iNru.s. Frunus. Hetul.a. 

fnjunj l.arva fe^'d.s l»*'f«e#'ri h'^ve^ fHM| t«n(eth«’r with silk 

fji 4 !rif'Ufo>n FufojS' 

/^# 'rr# *w / 4 Kaif'tilei* fi, ./ H F’fanxenfeinde. p 

Spub'r, A S< hmrtterlifiKe F uropiis. • I‘*ld 

• tffifUnUiU* f r and H . Arruntida 

S***' 1*17 1 

uTifUnnn Fabr . TmfUjrrrrt Hij/f mol h 

//o-tM f*ratfte|pw. S/trbiM. Nfal'w. FvniJ*. ^'ydoni». Frunu*. Uubii.s, 
injurij Ij^rva dr*trovs buds ir» ••nflv ^pnnic, ami later lies the leases 
f>n them • 

himifihntttfn y.nrnpf. North Amenea. 


I ■/., / '.'I'" 

I'.'llli I" ' ' 


I ,Un 


1 /'/u< 


arid 
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Hi firrliciK 


Killtciiliai'li, 
Sliinjcrluiid, M 
Thci)l):il(l, 1'. 


H. I’fiaiizciifciiKle, p. 1.S72. 

('orncll fniv. Agr. Exp. Sta. liul. 107. 
liiMTt pests of fruit.s. p. S‘2. lOOi). 


nil tijiiia Ealir.. 1'iiti‘ri'i 

lliistx C'ratacgus, I’nimis. 

liijiini Larva foc<Ls on fohagi- at night. 

lli'.Irthulviii — Southern ICurope. .\m;i .\lnior. 

AVfr/oifP — Spuler, Sehmelierlinge Kuropa-. I IsA lOOS 


1800. 


Nocluidau 


nuiixclla Clem., Argi/ri sthiii 
(Sw page 1078. i 


lain. } piininmutidne 


(ixijiiciinthiie Erey, Lilhncnlli tix 
Ho.it ~ (’riilnigu .1 nTijncniilhii. 

Iiijunj — Larva mines in uniter .snle of leaf. 

/li.ilribulion — Europe. 

Zi'i/iirnee.s — Kaltenhaeh. J. 11. I’ftanzenfeimle. p -Ml. IN7_>. 

Spuler, .\. Sehmetlerlinge Kuropas. 2 llo. 1010. 


Lain. Graiilniidae 


".ri/nr'inthnr Linn., .\fisilii 

Hii.il ('rohii gu.i iiii/iiriint/iii. 
hijiift/ — Lar\a eat.s foliage at night. 

IhnInhuti'iH ■- l■iurope. .\sia .Minor. 

Hi'fi’ri rioiit - Ijet'h.-tein. .1. M.. anil SeharfenlM-rg. tl. L. 

lichen For.'tiiisekteii. p. .TOl. isi).'). 
Spuler, .\. Srhmetterliiige Europ.as. 1 '.’IM. 


Earn. i^cluidiie 


Xaturgeschichte dcr schad- 
1008. 


••zi/iicinilhcUit . Xiiitinihi 

Hofits -- ('rot ui/u.i nxtfiiciiidhii. Miihis in iln.i. .8|'rl)u.s 
Iiijiirij -- Larva iiiine.s in leaf on upper .side. 

Dixlnhuliim - Europe. 

/f(/(Tcnc(S — - KalteiiLai'h. ,1. 11. I’Haiizeiifeinde. p 100. 

Spuler. .\. Schmetterlinge Europas. 2 174. 

piiiliilux f.inn,, Vpiiiwmnita i Hawthorn ermine mothi 
Sgnonym — llijiiniinmi ulii indilh Linn. 
flii.il. 1 — -Crataegus. I’runus. Vitis. 

Injunj -Larvae tnine.in leaves while ,\ouiig. then skeletonize leaves while luing 
eoloiiially in tents. 

Ih.ilriliiiliiiii - Europe. N'orth .kineriea .recently imported'. 
llijcrcnce.H — Theohald, E. \ . Insect itests of fruits, p. .8(>. 1000. 

Parrott, P. .1. .lourn. econ. eiit. II .7.7. 1018. 


Earn. Scpticulidac 


1872. 

1010 . 

Earn. Yponomculidar 


pnnnnn Clerck., Simnrthiji Earn. (Ilnphljilrriiijidnc 

HoxLi — Malus, Sorbu.s. Clrataegus. Hetula. Pniiiu.s. 

Iiijurg — Larva makes a slight well over tin- leaf, tlu-n skeletonize.s it. 

Ihslrihuliiiii — Europe, A.sia -Minor. N'orth .\merica (recently imported'. 

Hefercncr.i — Spuler, .\. S. hmetterlingo Europas, 2 '207. 1010. 

Felt. K. P. New York Stale 7Ius. Bui. 202.77. 1017. 


prdnrvi Eahr., Phigiilin . . Earn. Geoimlridai' 

Hosts — Pyrus, (Juercus, Hetula, Pruiius. Crataegus, and other species. 
injury — Larva eats foliage. 

Histributwn — Europe, -Vsia. 

References — Kaltenbaeh. .1. H. Pflatizenfeiiule, p. ItU. 1872. 

Spuler, A.' Sehmelterliiige Europius, 2 100. 1010. 
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fjixJjhnus Liiin., l\ipilin 

HokU — Crat'i‘,>i(tLs. S irljua. I’niniL-t. Atiiyitdaliis. 

Inj'tty — I.arv.i cats fi>lia^c. 

— S iuthcrii an 1 central Kur 'pc. Asia Min ir. 
He/treniv — Spjlcr. A SchiuctI -rlitntc Kur ipas. I I'.MIS 

P'Uygimj (!ucn , ('ntitciln 
llti.sf — Crat a*/jrtis. 

Injury - I.arvi fc•■l!s on fohal?*-. 

- K astern N'-irili Ati'cnca. 

Hr/, r,'!-, 1 -- S kUinlcrs, U ilh lui. <‘an. ciit.K 7 'J. Is 7 t’>, 

K'Uvarls, li I' S. Nat- .Mils. Bui. '.)7 

u •I'ljith, in'ti Cri’i! , T,l' 1 

// '•fN I I'lUiH, Hi<' »ri i, I'lli.'i. U" 

l.itWi '»H full 

»rj \i*rOi Afiit'rif.i. 

- P.A' k.'tf'L \ S Fifth r»*pt \ S. Fiif ('oinru . 


Fain. 


Fain .\h, n,,,/.,, 


lav». 

h'ain Sfil^i 

' i, f'r.vl ickTU'. anil . th. rs 


I Inkers III, .M »rv <' M >tKs ami Initlcrtlics, p. lli'l. 
p imc'Aii peck, Fill e in'., era >-ni 

■ ,-s<a' p i^c |(»7f'i 

( 'Icni , Hnrrnl itrti UililHsl-c*M*<Min*tn.akcr of appli’ ! 

' p i/c 107'* 


1 am I 

' 101 , 

Fa'll a, 

Fain 

jj', m./nrl'a l.mn . I 'yii I < '■slIinK tnolh ■ ^.iIIl 7’ei'rii' -f e 

- ,\[aliis, P\riLs, t'kiionna, occ,a.«ion.ally f'ralacpLs, l{i>«a. Primus, Jngln'i, ro/w 
Injury - I.arva le.rcs in friit 

I/n;nhuU‘/n l-nirnp*', ,\sis. North .Vtncnca, .Vfnra, ,\iu»tralia, 

Hr/rrrnm Br.jncr, I, Nchra-ska .'■t,atc Hurt, ."'oc. kept, |H 9 I .’lii Is't), 

,''linsf>rl.anil. .M \ . and f’nnihv. f'. It Manual of fruit ins.i|s. p Mi 
pin. 

p,ifjuh Finn . I'',rnl,M-rimp‘j Fain. I.U'i" 

HoiU Pop ilus, 'f ill 1 . t^'icrriLs, f ’linis. Hctiila. .'*aJiT. f 'ralwRiLs, .Main-, .m l 
spectea. 

Injury I^irva c.al.a foliage 
lH.r>r%lruiM,n Kuro|)»., ,\.si.a, 

Hrfrrrnrr, Kal tenh.ae tl. J If PH.an/enfeind*' , p. '.'BH. |S 7 '.! 

Tlieohai*!. K \ Invei (N-sta of fruita. p. (1. P.Hfi 


ui.v 


]H,mnnUi Z«-l! . Srirum/i 

HotU forylua. f'mtaegiLs. and otlwr apeeiea. 

Injur, j I.arva eats leaiea 

I/,»tr\>ruti„n Kuropi. 

Hr/'rtnrn Kaltenfmeh. J. If PHafuenfemde, p. ls 7 ;_’. 

'ip'iler. A .•o'hfiieiteflinge Kurnpaa. 2 I. PMO. 


1' am 


I • 


prur/r t tirote. I'r.xtrnin ' Velliiw-sf npefl amiV Worm I 

//"sO M'H,r,iij; ritir'i, Vitw. t'rataegiLs. and other aperies. 

Injury f.arva eat,s f/rliage 

iHiirvhutun, Parifir cfiast of the I rnte<l .sttates. 

Hr/rrrnrrt F.swg, K O fnpinoiis and lienefiriaJ irMtert* of f 'sllforni.a, I' 
fnwby, H . and fyronard. M, f). Manual f>f vegetahli k > 
p m. .lOlM. 


’ll.' 



Lki>ihoi>teua 


112.3 


prunrtonim Septicida .Fam. Nepticulidae 

Hosts — I’runus, C.'ratacKus. 

Injury — Larva mines in leaf. 

Distributurn — Europe, .Asia .Minor. 

Reference — Spuler, A. Sehmelterlinjre Europas, 2 476. 1010. 

prnninna Hub., Argyrnploce Fam. Tortricidae 

Hosts — Prunua, Sorbus, Ilo.sa, Salix, Crataegus. 

Injury — Larva ties leaves together and feetLs on them. 

Distribution — Europe, .Asia Minor. 

Reference — .''puler, A. .''chmetterlmge Europas. 2 26.0. 1010. 

pninieora Walnh, Lospt yresKi I [a‘s.ser apple worm i .Fam. Tortricidae 

Hosts — Crataegu.s, .Malus, Pruims. 

Injury — Larva bore.s in fruit. 

Dtsinbution — Xorth .Vmeriea east of Rocky Mountains. 

Reference — (Jiuiintance, .V. L. I . ."s. Fnt. Bur. Bui. 6,S;40. lOO.'i. 


/i.o Linn., Acronyctn (Dagger moThi Fam. Noctuidae 

Hosts — Malus, Prunti.s, Crataegu.s, Salix, Rosa, and other species. 

Injury — Larva eat.s foliage. 

Distribution ■ — Europe, .A.sia, .Lapan. 

Refei^nces — Kaltenbach. J. If. Pflaiuenfcinde. p. 20.S. 1S72. 

Theobald, F. V, Inst‘cf pests of fruits, p. 41. 1900. 

pufithunda Linn.. Dasychirti (Red-tail moth) Fam. Lym'intriidae 

Hosts — .Species a general feeder on fruit and forest trees. Crat.aegus a favored food 
plant. 

Injury — Larva eats foliage. 

IXstribution — Europe, .Asia. 

References — Spuler. -A. .Schmetterlinge Europas. I 129. 190S. 

Sorauer, P. iramibueh der Ptlanzenkrankheiten, 3..1S4. 1913. 


purpuralU r,iiin., Pyraustei 

Hosts — Mentha. N'epeta, Plantago, Crataegu.s. 

Injury — Larva feeds on leaves spun together with silk. 
Distribution — Europe, .Asia. 

References — Kaltenbarli, ,1. H. Pflanzenfeinde. p, 209. 1S72. 

Spuler, .A. .slehmetterlinge Europas, 2. 236. 1910. 


pygmneella Haw., Nepticulo 

Hosts — Ct ntoegus oryacontho, Malus mcius. 

Injury — ■ I.,arva mines in leaf. 

Distribution — Europe. 

References — Kaltenbach. J. H. Pflanzenfeinde, p. 199. 

Spuler, A. Schmetterlinge Europa,s. 2:4(3. 1910. 

pyrnmidea Linn., Amphipyra 

Hosts — Crataegu.s and many other Iree.s. 

Injury — Larva eats foliage. 

Distribution — Europe. Asia. East Indies. ^ ^ 

ftc/ercnccs — Kaltenbach, J. H. Pflanzenfeinde, p. -OS. 1' 

Spuler, A. Schmetterlinge Europas, 1 : -AS. J.ms. 


pyramidoides Guen., Amphipyra . ... 

Hosts — Crataegus and many other trees. 
Injury — Larva eats foliage. 

Distribution — North America. 

Reference — Packard, A. S. Fifth rept. U. S. 


Ent. 


Comm.. 


P- 


in, 


. . Fain. Pyralidae 

Fani. Xepticulidae 

Fam. Noctuidae 

Fain. Noctuidae 

536 1S90, 



Hit 


I.K PinolMKHA 


p'/ri HarriSv .4«yrri*i > l%*ar borer I'am , ,,/„ 

.Nvn/>rj»/^m - Nevui ji'/i'i 

HiKst.'i --- Pvrus, Malus, ( 'r.iiA»‘i?UN. Aiiii l.iitclih r. 

Injury -- I.arv.'i burrows in iKirk am! vipwiMnl. 

DiMn^Htion - Ka>t*'rii I lutis! Stat«‘s. 

Htjtrenft- BrtMtks, F. K. I . S Ajjr Dfpt. !Uil. vs7. F.t'Jtl. 

p'jf imi l.iiiri . Zr 'tz»'!'i ' I.«‘op.irtl moth * l .uii r,... 

S<ftu>n‘im - /ruzt Ki Linu- 

//.‘'M - I\vru-s. Malu.-, IVumi*». < >.it Fr.i\inu>, i’opulus. 1 Imu'. ,iji-{ nth r 

l.,kr\a mim*" in Inalifiy w«mm 1 ni brjiin li****. 

Fur*»j>*\ AxUi, J.kp.in. Ni»rth ArinTu a 

- I.uitn*T. A. J. Nintfi ri-|x rt <»ii injurious inMTf> of NfW ^ nrk. p Ijii 
Is't.i 

Ih'ob.iM, F \ t of Iruit-S. p |tk I'Hfl 

i;'ouirif'i.*rinrjt Kuhn Falii 

'^o»* pai<v 

>'<.1 Finn , b'-{ ' F.ipjfwt motfi I'tiln ;th,,-h, 

Maiu'. I*>rus. f’r'inu- < r it t^m r* uh. uni > th‘T < i* ^ 

/"j'i/v I^ir\ .vn (iofoli.vfo br.ui' hi'n, illv of Mur-uT) fr*-*-. in ^pruuj * 

/>t I‘.ur'-{>* . V-i.» 

Kab^ nbi'h, / 11 I’t!.tn/ri/»*inJl*-, p Jtis ls7J 
''p'il* r. \ >• hrt.'-f t* rlitiiio I-.urop I.H. I 1J_' I'ms 

<'oliiiu(»'. U I. Manu il "f iiij'irn*u.^ in-uTtH, p 1.^7 I'UJ 
pirrru* Fuifl , l.il.^i."^'ntnp‘l I' .iJH /.<' ,;'(/( '/ < 

//' -■'/y ( 'f li* t.J I V HjWMlrS 

i ,\ift Furojw. A'‘l;i 

r^-nz-r < K.vit»(ibnh. J H I *M . p |S*J 

>piil» r, \ >‘-hrn* tt* rii((,t.» F-iropiv*. I II'' 

■ -'izrp/tri/i A. afwi > . .V-impA.-'-'i ! oti ^ 

(^uef u**. ( f.it.n't?’*''. uni tith* r -f»* ‘ i» ** 
h-j'iff l.orv i foh'^ir.' 

/j- •/-'*/ oo. F.v-t/ rn Voft K \/n»Ti<M 

'rrrtir'i I ’.i# k.lf'l. \ ^ \ tllofioKr.ipl of t h*- jC' f » r HI' » fl ' I Itjotl,-, of t}>« ^ f't’' '1 ’ * ' 

p tit 

F^i»u<N. M I > Nit M.I.H Mul. :c> IIM*. Kvi 
nuirliffi Haf'- . ( zr/oi vr.'o I ^ 

' ■v-r* paic*' |t)7 I 

H- ■* . S fpfir\t}n I ‘ 

// .*<1 t ' minetjn* o/»y</r/jf./Azi 

Jnjurij Farvi fron*'^ in l* af. 
f/i itrihutmn IhuTo^t#* 

/{tjrrrru'f^ Kalt#'ril>rv fi. J n Fflan/^-n'^on*!*’. p I !''»•? 

.''puhr. A *'rhno tt#’rhnK*’ t.urojMv^. 2 l7o FMn 

j t ' 

f ’h’rrk , pitmrnr, 

f ‘rat.vjfii,*. .Mahia. Friuitj.*, f ’ofnus 
!nj*4r'j in fruit of f ’r»ijM’K’t« ami aUo rain h avo** 

I'n.*fr0filx4tri f-.urofx’. A«nft Minor 

I h# obahF t- if fruit*, p- IfHKk 

v"‘puU'r. A- Srh/n'-tt^-rlinKr Ftifopa*. 2 ?*>*'». FtHk 



Lkpidoptera 


1125 


iiheana Hub., Payuiemis .. Fam. Tor0icidae 

flosU — (^ratat*j?us, Rosa, Prunus, Malus, Pyru.«i, Quercus, Sorbus, and other species. 
Injury — Larva ties s(*veral Knaves togt-ther and fee<is within. 

Distribution — Kunijx*, AMa. Japan, Fast Iiidie.'^. 

Difi'i'cnce — Spuler, A. Selunetterlinjn* bairopas. 2 ‘J41). 1910. 

Harris, ('uawci i ( < )l)h<|Ue-banded leaf rollen Fain, Tortncidae 

//e.s/.'i — Oatae^iis, Mains. 

Injury -- I.arvae ti(* !(‘.ives tojtetInT and fee I on tliem. 

Distribution - North .VimTiea. 

IDfrunns — Kssijr. K. O. Injurious and beneficial nisei ts of California, p. 441 1915. 

Sanders, (1. I-l.. and Dustaii. ,\. (1. Canada Afjr. Dept., Ent. Branch. 

Rul. lb :io. 1919. 


KKiitifi Linn., (\icncii Fam. Tortricidae 

Synonym - Torhif hunyinn Sebiff. 

Hosts - Malus, ('r.ktaemis. Pyrus. IVunu.s. an<l. othiT .specie?.. 

Injurif - - Larva(‘ tie heaves topuluT .and feed on them. 

Distribution — Europe. Asia .Minor. North Aineriea. 

IDfprencrs — Fheobalil, !■ . \ . Iiimm I pe>ts of fruits, p. SO. 190!). 

Sorauer, P. Huiidbueh der l^flanzimkrankheittm, 3 21)0. 1013. 


s( I'n/i /hi Braun, .VcpOcn/u ^ ^ epucunaae 

Jiost ('rufiitjus mollis. 

Injury -- Larva mines in leaf. 

Distribution - Ohi<i. 

/^f/c?cNcc — Braun. F. .\iner. I'.nt. Soc. Irans. 43 Ibj. 1!)L. 


sntfllo Zell., Ct mi<*stom<i ( Pi'ar leaf bli.sfer moth 
//(o/.s — C'rataoKUs, Pyrus. Primus. Sorbu^. 

Injury ■■ Larva mines in leaf. 

Distnhufion --Europe, .\sia Minor. 

Hrftrrtin^ - Kalt<'ni)a<'li. J- H. lOlanzenfeitule, p. 19<. 

TluMtb.dd. F. V. Insect peM< of fruits p. :-.30. 1!)0.). 

Spuler. ScliiuetterliiiKe Kuropu^. 2 I'-'IO. 

sniiilo Harris, Sisia. 


Fam. Lyonftiidae 


Fuiu. Sisiidiic 


(Sec' pivjce 107t'> ’ 

''Dtnunu (lueii., Ancylis 

Hosts - P\ rus. Mains. (Vataemis. 

Inj^iry - I,arva tie.s leases ti»>fether ami feed.s vNithin 
Disinhuiiofi — EurojH*. .Vsia Minor. _ 

Hrfcrence - Spuler, A. Schiuetterlin^je Europas. 2 2,0. 1910. 

^Kjnutuna Stcganoptifchii 

Synonym. - (irupholitho krovsniuntnunu Hem. 

//o-s/.s - Prunu.s, C’rataej^us. ,rU. 

Injury — Larva eaUs younU terminal leaves after t\mu: tlum ^ 


Tto fricldiic 


Toitricidae 


Distribution — Europe. 

Ilefcrencfs — - Kalteubach, J. H. Pllvuzenfeiudo, p - • • ■ < 

Spuler. A. Schinetterlinge Europiv^, 2 - 0 >. l.fu . 

, . Fam. Lynuvdnidiir 

•‘''I wi/i.'? FMessl., Porihesuj (Clold-tail motlu .. • • • 


Synonym — Lipnris nuriflua Hub. 

Hosts - Cr.ataej^i.s and most other fruit 


and lion-coniferous forest trees. 


Injury — Larva eats foliatce. 
Distribution — KuroiM*. 
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Lkpidoptkra 


— Kttlteiibaoh, J. H. Pflanienfeiniit'. p. 1.S7J. 

SpuItT, A. SchnietterliiiK*' Kuropjis, r I.'W. I*K)S. 

sphinx Bnichionycha . I'niU- 

Synonf/m — cassinia S. V. 

/Aw/j — Qut*rcus, Populos, MaIilh. Pruruii*. luul uthi r M|x*{ i<‘s. 

Injury — I^rva eatri foliajfe. 

Ihstribution - Kurop**, Aiiia Minor. 

Hffer^ncei KiiJf«‘ni)at'h, J. !(. I'flAiuoiiffiinfr. p. LHIS. 1 s7.?. 

SpuItT. A. Sc'hm»*ttorIinKo Kurt>paj<. I liKfrk. 

i/nrtuum I)up.. Airnffi#' Kain. T<nlncid.u 

HiisU — (‘ratvVjfii.**, Prunu.M. Alnui». 

Injury - I^rva frotLs in hlossoni, tlf?*tro\ injf it. 
lJtJttributi‘>n - Kump**. northern Africa. 
fifftTtnre — Spulcr. A. S<'hriict(*‘rhnjCt* Kuropu-i. 2 

spbntit-rifrrrUii lain h'Anrhi^titiii 

MMiij*, ( 'ratacipj.**, /Vu«u4 P\ru«. (’>iluina 

/*‘jury ' f^arv-a mines in leaf an*! ciit.H »»ut a •‘ihali i-f the leaf f< r it> * .‘'..m'. 

f ‘i^lr%hutt‘’n Nortlieasterii ! Staten 

< Parkartl, A S fifth r»pt I > I ni ( *i ti ii . p X'I'k 1s‘0. 

SlinK»‘r!an*l. N! \ . .ui«i (‘r*>shv. (* K Maniial *»f fruit iri''« t^>. p 7‘ 

P»I4 


ipurrrlii H Friin (A In'hadiii 

f/“st4 f*ruriU4 ipifi.‘4t. f'rnt>:ryu9 • lynr'irtthn 

Injury I-arv;> r'*IU h*riNes 
// wfnAru*h/>ri f]ur*>p*’. .Ksia 

Hofrrtnrr .'^puh r. A Sr!in.etferhnge rur**p;tn. 2 PMU 


Srhiff , pu/i’nphin 

floiU f S^ifhii**, t*rt$rtu4 nfnuftsn. fraxitiW** 

Injury I-ivrva ties leaves lh**r ‘iful eats thetn 

hislnhulmn f-iumiw 

U^frrrnrrs Kaltenljv h. J H Pfl.v*Jtenf*'in*!e. p. ‘JlP 

.*'puler. .\ S'!ir(*etterlinite Kur'*p«un. 2 A.TJ. )PI0. 


r.iin t/' ^ui'Lk 


ifirnuUn (‘U'lti , .>(//»»!< *SA/MJ»”-!jaek raterpillar 

>p**e|en ^ |C*'neral f»'etjer <»t| fruit lUei fr*'«'n. 

Injury f.arva ''.-its f«>haK** 

I nAtrO/utu'U 1. astern \'>rth Atiienea. 

f^rfrrfnr^l Pe ij t#-nrn ulJe f . W tlliatn Kilt .\ll.er I 7o 

Uf if. If f 't. .arel Mi»rfMri, K I.. \ew 

I Viti 


1 *HMi l.lfi'ir" i •!< I 

mrlutlinK f rjit.'i* ifU' 


K'vS. , 

V*»rk Knt S*'e I- in, 1 1 


•tfn/pifn Mull , I aoi 

.N /yfu'-rjiyFn S'^fni/’fui nrAlit:fifx*i 

//,.»;< 'I.*,, f '<>rv|ii., S>niigii, Main*. I’riirm.*. -i" 

Injury IjiT-.it <a,« f'/liMf 

f .tilrihuli'i-n Kuriif,*-. Jafwvti 

H‘fr-enrt, KAli<rit,a<’h. J, }( p MW! ISTL’. 

■•'P'lb-r, A Sf’hmrttcrIinKr Kufi («», 2 ■'>. M.IIM 

Fabr , Arron'jrifi ^ 

i’riinm, f 'rat.v’itii». IChaintiuA. 

Injun/ I^rva <’at« fr)|iA|[i' 

! nj/tr ihutum A*ia 

H'l'rrnir .'piiffr. A, ■*!<'htD»'! »*Tlmg*’ I M". I'K*'. 



I.KPIDOm'F.KA 
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Hub., EuiKimon . p-am. Geonfktridae 

(Sff paRf I07(i.j 

Z , \otocrlut Fain. Toriricidae 

lldsis - ('rata<‘KU.'i, 1‘ruiiu.s, I’vru.s, Malus. 

Iuju> !i - Larva tii-s together leaf clu.ster and feeils within, also eats leaf buds. 

Histi ibulion — Kun.pi-. .\sia Minor. 

/(’(/(■;■< ;ir< .s' - ' Kalteiibach, J. H. I’flanzeiifeiride. p. 209. I.ST'I. 

Spuler. .\. Seliinelterlinge Kuropas, 2 279. 1910. 

^iijK I tins Ciwti , Arriiiiitftii Fam. S'octmdae 

i.'see page 1074.) 

/( 'sifari.s- anil S., Ilitlisidntd Fam. Arctiidlae 

l.'iee page 1073. i 

Uxlttr Harris, Utjiihttiilri i (Fall wehworiii' Fam. Arctiidae 

(.•see p.'ige 107 i.J 


llii/.dif Fabf., Ill Ill'll IS 

Ihisl.i - Mlnirnnin. ."sv lephnricarpus. f'rataegus. 
lujurij - Larv.i eat.s foliage. 

Ili^irdtitliitn ' Kiu-terii Xiirth .\iiieri(a. 

Hifiiyicis - Fernahl. (’. H. r^phingnlae of New Fiigland 


Fam. liphingidae 


16. 1.S.S6. 


Heuteiiinueller. M'llliam. 
p. 9. I'KI.i. 

Iih'in'i Harris, Kminis 'I.itne-tree spanworin 
'See p:>.ge 1076 ) 

li'ii iini Hull.. Atici/hs 

Ifnsls — I’opiilus, ( 'ratai'gu.s. I’runii.s, .Malms. 

Injui 'i - Larva eat,s foliage after tying it with .silk. 

Dislr iliiihon - Kurope. 

Hi'Jt’nnas Kalteiibacli. J. 11. Pflanzeiifeim'e. p. 209. 

Spuler, .stehiiietterhiige F.uropas. 2 271'. 


Hawk moths of the vicinity of New York City. 


1S72. 

1910. 


Fam. Genmetndae 


Fam. Tortricidae 


Fain. Soctuidae 


1,S72. 

I :st'2. 190S. 


Iiihiiri C’r.. Psi ud<ii>hiii 

Syiitiiiijm - - Oiihiiisii tirrhiica ('r. 

1 1 lists • - Hhiis, Pistaeia. Crataegii.s. 

/njiirv -- Larva eat.s foliage. ., , , n 

I.isinhiiiiiiii -- Southeiii Kurope, .\,sia. .\frie:i. .Vusiridia. munsi.ands of southern Pacific. 
Ili'fi'ri’iices - Kalteiibach, J. H. I*thui7,i‘nf''iiidi‘. p. 20S. 

.Spuler, .'. .Schiuetterlinge Kuropas. 

lift f,, - , Fain. G(uni^ti"idat' 

Ill'll ( ram., Phujahn 

(See page 1076.) 

, ,, , . Fam. yociuidc.e 

iiiipi’Unii Linn., ( nh/mnin 

lliisls (iuercms. Salix, Crataegus, and ot her .species, 

Iiijtiri/ ~~ Larva eat.s foliage. 

Pislribuliim — KurojH’, .\si.^. 

Hcfcrriicrs — Kalteiibaoh, .1. H. Pflanzenfeiiide, p. 

Spuler, .k. .Seliinetlerhnge Kuropas. 1 241. 

tridnis .SehifT.. Acrunyctn i,.s 

Hiisls — Crataegus, I’ruiiiis. Malms, Ho.sa. .''alix, lihaitiiims. .iiu o 
Iiijiiri) - Larx n finals on foliage. 

/'i.s7rifiu/n)n - J'iuropi', Asia. , 

I{<f,renc,'s Kalteiibach. J. IL Pflaiueiifeinde. p. -I S._ 

.Spuler, A. '.Schnielleilinge Kuropa-s. 1 i.i,. i.« .. 


1,S72, 

ItlOS. 


Fam. Xoclindae 
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I.KPIDOITKKA 


'/i iK^*r >\vallo\\ tail Katn. i'ninlt' 

Hosts - ('rat.af^us, Mahi>. C'\»iom:i, rnwnw. Hvtula. 'Pilia. Salix. .tini . th, r 

s. 

Injurif Larva ♦*al.s 

Dtst! ifnition - Ka>f»TU N'i»rth 

Ht ftrrni't» - S:iun(l»*rs. Willi.un. ( 'all. i‘iit . f» J ls71 

I*a<karil, A. S. Kifth r«|>t I . S. Knt p. .'liiL 1 s‘m) 

•M<*.»rn4,s A. S. Schizurfi I'ani \ , 

' M.ilu.-', LruuH''. ( 'rataiajus, I limi.*., ri»pulii^. t^urrt ii-. in-l . th- r 

I’-jur’i I^arva »\its 

>n N’‘>rth .Vn>»-n»\i 

lOfertJ'.Cf - I’arkard, A Sii. Mirii*ar 1 JO.{, 1^!^.'). 

If'iL . ^ \ L.'um 'h'.h ' i‘i 

/{ ><:.’> — M l*> r i". < ‘rai ati*i r « h-h. 

injia-f - • Lir\.i N*al t l'i'‘t*-rs ainl ral.-» ah'l Lil*!-. 

Lur *j»*-. .\-Li 

R.f.r.rr,^ u .-hr ii vm .UJ l‘HM 

^ Thf- ‘L kl'I. K \ t f.f fruit-, p sj 

• rn/i't o it I •'^pruiif < ‘ilk* rvi . -rin I ’ll " 1 / ' '/ ^ 

I If/jii**. W -.I'l.-. ^ r.it .uj«l nfh« r -|># • l•'- 

I u' .rv I.-if • i •• vf -< 

/ V--rMi \fi » n* v 

u. . U n l nr. Km-.lut l).pt Hul !1 -N-i I'tI7 

't‘'i '* 1 H'li** i , //' ^'■ 1 * ' ‘ V. » -t rn • k tic tt| 1' wii' /. ."ir ' •i‘' 

// M kl’i-. l‘r If, i*. < r ‘t 1 -. I.jicl »n-. i”. *^*‘'1 t ‘ 

I' j *” , L kr-. .1 • k? A {< r- in-1 - ‘ti me %.>tiiu 4 fr-.P 
’ I'cifc -.f fie- I n.r*-.| >t k(# - 

Ilr.niii.it. P / .--t kte < ‘on m H* r* f'.Jif' rnia M** L'll ■* -I-' 

1. < t Inj’jfi 'Ui -ui'i I '.1 in-- i t- nf f'lilifi riiia. p I' 1 ’ 

'■ ii'r , \\\\. ^ / K r ...V. j I vni N 

ff ’*fA I’rui’*-. ^ r '.f k‘-iC’i-. Pvfi^ 

/' j \, kfv k »' kt- t"li kii»' fmcli' 

hi*'! s/- ..'t L=ir'-j>*’ 

ft* ft '■ff i-f '' p jl»-r \ K f !•» f *. r I' flit*' I Mf* ’p I AM pM in 

■ S'- / P 1 I,mn . A >'1 I I kill 

f ' PI’iii k. ( r kt iC'i-*, I; !|L (*• */■)• r* ‘ 1 * it- i ul *. f ‘•tr\ In-*, an'l "t I" r -p' 

I..kr‘. a * itj f »!ng«- 
M L'lr 'jw, \ .1 i 

K iP'-riLv h I H l*M,uiz* rtf* iu'l»' p J.ki I''*- 
•'p i!*-r. \ fine fn rlinK*' I.«ir**p k.^. • I I'Un 

' I f , 7 ' > A I I .1 ■“ 

HoiU f’rkfk'*/‘M. f*' >i . K 'n’ifti, an-I uthi-r i»*.^ 

l^-kf. k * 'it^ f»»li kK»* 
f/utrib^Uoin F.'ir'sjk*', A'tik 

Iiffrr,rm Kal'^liLkMi. ./ II I’ll p 'A*'* 1'^*-* 

•ip'jL r, \ hm* ti'*r!iiu*' • <•* l*MO, ^ 

'■ If lift H,.l, Itl ^ 

//'> >A f r.kt k# jf?M. I’rmnH 
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liiiuii/ - liiirv.i li(‘s a cluster of Icuvcs an<l feeds within. 

Ili^lnhuliiin - Kiirope. 

l/ifi rctici.'i - Ki'.lteiiljaeli, J. II. Plianzenfeiiido. p. ‘JIG. l.S7‘2. 

.“'piiler. A. Schtiietterliiine Kiin.p.is, 2 d.sS. 101(1. 

D!pti;u\ 

h^ohrino Vtlt, Iihtzomiiifi 

llnxlx - Cr.itaeirii.s, I’lipiilus, l^i i iiui. 

Irijuni — Larva found in leaf ('all. 

I'isli iliiiriDii — Nerth .\n erica 
/I’c/cidifc Lett, L. 1’. Xew ^’erk .'<1 ite .Mils. 


Lam. (\li Idinyndiii: 


Hul. -.’(Id Iftl'^. 

Lam. Cicidiiinyiiddc 


iilhiihi'i L. Leew, ('imtiniiui 

Host - ('nitficfjiis niddd'itithti. 

hijiiri/ — .'■'olitarv Iar\ a fee. X in hh -s- mi hud, cau.'ing it to remain closed and swollen, 
/.'is/nhiltloll - Lllf' pe 

//< f< n lee.s Hi iss, II Die I’flanzi'iiKalleii .Mittel- und Xi rdeurc pa-s. p. l.f' 2 . ^lOll. 

Hairnall, I!. S.. and llarri.'on..L W. II. Em Sec. Loiidoii. Trans. 1917 . 301 . 
1017 . 

c/M/ieir Walsh, ('(ndeiiii/ni iTiifted tin rii (.'iilL f mn. ( ccid'>)nijhd^:c 

Had •PrataeKus. 

/njnfif Larvae deform leaves with tiianieiit oils s|jh(>iohiiIar x'ein galls. 1 eni. loi^. 

I'enerallv foiiiid on the iiiid\eins. 

IliMnhuliini - X< rth .\ii'enea. 

Walsh, H. I). Can ent. I <!• hMiO. 

Fell. K. 1 ’. Xew Vi rk ,<l,ite .Mils. Hul. .’(to 13 '^. LUX 

Mieif.iff-i Lelt, .Ifi/rodf/ifens. <-'fctdi»mjudnr 

• /VtniK.v rirt/i/iMN'i. C . 
Ihjun/ Larv.ie live in galls on hanthorii fruit caused l\v 0’i»)imf!pd,aiiyium clavipc^, 
and feed on the rust sp ires. 

/. i.'ti diu/mii ■ Xort h .\nierica 

/i“c/crc»ircs ■ - Lelt, K. 1 ’. Xew ^ork.<t■te Mils Bill '-'dll h)L. 

Wellhoiise, W, II. Flit, news .50 111 . 11 * 10 . 


101 X 

Fa’ll. ( '(Ci'liiiiuiiiildi 


1013 . 


iKumdain Winn., Pern'll i 

Host ■— ('uttriajus oxij ic luthif. 

Injury -- I^jirvji lives in ^s:ill. 

Distribution 

Prfrrruci's - Kiiltenlt » -h. .1. II- rtlan/fn-vimle. ]>. _1 ^ f 

Kieffer. ,1. ,1. (lencr.i ins- ctoniiii. fasc e)'-. P- o'- 
. . ,, . F'aiii. (’rcidiimiitnl'ir 

Winn., PcrnsKi 

..i 

and heilp’s unsightly. 

lhi<lnl)ulio7i — Europe. . ,o-., 

Keferciires — Kalteiiliaeh. .1 11. I’llaiizeiifeiiide, p. - ' '■,,, 0 ,) 

Coniiold, K. T. British vegetahle galls, p. 100. Ltd- 

, . , 1 11 . y;un. Ctriiw/i.i/iK/ac 

('> (itdcyifolid brlt, Hoimowyia (I'Iutm cc* ksooiimv jSjui 

//.«(- -Crataegus. l „.n 1 lorn' shaped like a cocks oinb. 

f'dtin/ - - Larva deforms leaf iMt'i a green or rial gall 1 < m- l' ‘V. 1 

- Fiiited ,''tates. 

HiftrcncrK Felt. E. 1’. .loiirii. ecoii ent, 1 ‘2t’. 

Felt, E. I’. .Xew Vork Htato .Mus. 

(Figs. IK) and 117, pa;e lO-i'd.'l 


BKt.'s. 

Bui. '-’(H) 13 ti. lOlX 



1 


DiI'TKHA 


cnitne I tVir, plnsfx lUaN^thorii frtuKiHlH'up nalh Fain. r< 

-- 

Injur’j — l.arva (•au''‘s a i?all t>u leaf 4»r 
l)t'<trihitiinti -- ("nitfil States. 

Hr/t refwr^ - Felt, K I*. N ew York State Hul. IlM UlS. PHlS 

Felt. K I*. New York State Mus. Hul. JtH) I.'iS. I'.tls 

t,Flgs. Illail'l ll*>. paije lOSl.t 

txcic-Ua Felt. L isviplern i Purple leaf bluteh) F im. <\ i Inm ,.i 

//»)'/ - C rataeifu.s 

Iftjwy - l.irvi*' ileforrn leaves With j^reeii «»r re<blisli. hltster'like tiiitie". aln iit n 
HI 'b iU'.eter 

/ ' I niteil St ites 

-Felt. F. P. New ^ i»rk it»‘ -Mus. ItuI 'JOH I'k^. I'Ms. 
hirti Felt. Rhi:r,fn>,i I Fa'ti t‘» 

' .Sp Mues pf'ibaMv impiilme hi Me*ter miue iiui«le by L'l'-ioptt rii tjrn ? ; 
h\*irihuin^n I iHte,{ States 

/^('Vr^'ruv Felt. F. P. New York >tate .Mus Hul. JtKl FiS P*I^ 

hufi*t>nn i Felt, UNn»ierfjt j Fa'ii r» ^ 

( rataejfi s 

I^trva 'lefnrrr .S leaf with eup'^hipel. I'rubriate. utuerllular i:.itl 

I iut*'»l .Sfate-4 

k^f^rrrr^ Felt, F P .New ^.,fk St.ile Mus. Hul JHHl tS. PU^ 

fni'fnir*\f‘U'i (n Apple rfatcg'*t late T'i!‘>' 

//•»-*'< f'ra^vgi-. Nl.al'js. Vaeemiiju), uiphone ^rp s 
/ " ;urv l^ifv i ' ufHieU m f ruH 
fjiif. K-usteffi N.T^h Xuiefea 

VVal.sh, H I) First .aiitiuvl rep »r! eji noxious in.H«*i'ts of llliiini'. ]» 

(PK-atie, U' <■ N'ew Harii|»nhtre Aar Fxp Sta. Hul FI l''F 
'*«*'.entj, H M P stai e C ’oiiHii Ifort f’.alifornui M’» bui • !•»<' 1'' 

» ef F #'b . ..r« I h uri *. e| t| tr ill I a Tl 1 ^ ' 'F / 

< ‘r vf v/u- 

/ Firvv e iUse., 'I*. xF «*rn*«>th. fleshy Kail. .*» f » ^ uiUi |oiu£. "n leaf \'iri 

I nit***! .'^t kt#»n. 

}i*frr*r,re Felt. F. P N'eW X '>rk .''t.ate .M-H Hul -**•*) bi^. 1**1'' 

F JSCS 1 1 an i I I'h p up' IH-vl 

frnit.lJiA F«-lt. //irrofiijiln^}^ F-^** 

/( iH ( ’rat xejTus 

Injurf/ f.arv.\ foJifol iti sartje gall »i*h i'*^nnr 

f}i.4fr\h>ihfr*\ I f|jt«*<j .sixts's 

ktfer> *y-f Felt, F. P N'eW X » fk State Nlua. Hul. Jt)*! Ft's I *1^ 

sp a /7j7 Fep ^ 

//Ai< t^'rat vspH. ^ , 

/n; ’j.ry l^fvae rau«*#* Jit|bglf»l>«me. grerntah. s<»rnetinjea roiirtueiit, r*'!’* 
pfl> thalaflious vein galU, the Iin(|er «u|e r^biuh. 'ilWtieter *1 turn 
f/lffr\huUtfn f nite#! •itate^ 

ft^Jrrrnrtf^ F' ll, F. P \» w X ork Stale Mua. Hul Jttfl Fk*'. I *1^ 

* f^ xrlmiyin «p. JX, IsF) F'ell ''Th'ifu apm m %i*\) } * 

I font * f>atai*gti.ii. 
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ln]uni — Lur\a c auM-s 11 spindK-.-haped thickcnt'd gall on leaf vein, green or reddish, 
length 1 cm., diameter 2 mm. 

Dixiribution — Kastern I'nited State.s. 

liiftrcnce — Felt. K. P. Xew York .'^late .\lu.-. Bui. 20(1 . l.'iS. lOlS. 
ij-'ig.s. 120 and 121, page lOSd. ) 


Hsmi;noptfr.\ 

/« Klg., Trirhiosiirna Fain. Tmthredinidae 

Sijuonyms — ('iinbcr rrdluyt \N d.. Truhioxi>Tna 06in/i.s Steph. 
fliist — Crataegus. 

Injury — Larva eat.s foliage. 

Ilislnbulinn — Kurop •. 

tfrr tiers — • Kalt enhaeli, J II Pfianzenfeinde. p. 211. 1S72. 

.\ndr,', Kd. Speeie.s des Hym^nopteres d'Europe, 1'27. 1870. 


cii'ixi Linn , ('nlinui (Pear and cherry .'■lugi . . Fani. Tenthredinidae 

Hiislx — PrunUH, Crataegu.s. Pyru.s. and other species. 

Injury — Larvae skeletonize leaves. 

Diilribiiiioii -- Kurop ‘. \orth .\meriea. .Vudraha. , 

Ilrft retires — .^lingerlaml. M. . .ami ('rosl.iv. C. H. M.anual of fruit insects, p. 214. 
' Kill. 

.M,ac( iilln ray. \. I). Il> menoptera of Connecticut, p. 7!'. lOKi. 


(nil ms .Macd.. Prnfrnit.s't d'herry anil hawthorn sawHy leaf miner' l am. I enthredinidnc 
llasts -Cratiu'gus. I'ninus rrnnus. 

Injun/ — Larva tnmes iti leaf, c.ausing lirowii blister which ina,\ c >ver from a quarter 
t'l the whole of the upper surface of the leaf. 
hislrihultoti - Ma.ss;vchu.setts, X'cw York. 

Krfrrnirr — Parrott. P. .1.. and Fulton. H. li. New ^ork fticiieva' .\gr. Exp. .8ta. 
Hul. 111. lOl.V 


Fain. Chalcididar 


■ in f'uit. and larvae destroy setxls. 


dni/iiirurn Hoh., .S'i/n/nm(js;)i.s i.\pple ved chalcidi 
lliists - M.alus. Pyrus. .■'orbus. Crattwgus. 

Injury — Ovip isition punctures cail.si* dmiple- 
/tis/rihnf ion -- Kuro]w'. North .\tiierica. ^ 

llifrrr tiers ' .'si'hlei'htendall. I). Vi>n. Ztschr .Vaturwiss. Halle 01 41. i. 

Cushman. R. .Imirn. agr res. 7 4.''7. IhlO- __ 
Woodruffc-lVacock. K. .\. Naturalist (London . ivi. oil. p. d-t. i ll '- 


tbinn ntris livtz., Lydit 

Si/iiniiyni — ■ l.yd i rli/jtr lia KIg. 

Unsls — Crataegus. Pyrus 

Injury — L.arvae liefo'liate br.inches. fceihng 111 colonics. 

Disiriliulion — Euro|M‘. , 

Krfrrrnccs — Kaltenbach. .1. IL Pllanzenfeinde. p- 20t). ^ 18i-. 

.\ndrO, Kd. St’'*cies des HytnOnoptcres d'Kurope. .no. 


ft Mwero/w Fourc.. Cirtihfj. . . 

''syiuiiiijm — Cimbez azillnrts I'r.. 

Unsls — Crataegus. Primus padus. 

Injury - Larva feeds on foliage. 

Ihstnbulinn - ~ Kurtipr. , m-., 

Prfrrrnrrs - Kaltenbach. .1. 11. Pllaiizenfcindc. p 

Atulr><, Kds .8pi-cie.s des llyimhiopteres d Kurep . 


Fain. 


I 21. 


Trnlhrrdinidae 


1S7<). 

Trnthtcdinidae 


1S7!I. 



1 \A'2 
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I.iiin . 1*1 it>phnriis l ain. i 

llosti - ('rat.ificiH. l’>ra>, ^^urul^, Malu*'. uml • iIht ^|m i lo 

ItijHi'j - Larva 'MiUfs 

Kurnj>* 

Rrurt fu'ry Aiulr/', ! M. S|k‘rh '> tl« «s IImiu'ik pt rt »l lUiriJjx'. \ 1n7'» 

(\'lliniO\ W. K. Maiuial <*f mjurunix iiiM'rt.s. p P.MJ 

punctum'tilhurn I.ifiii , .\fncr*>ph>,>i Kant. 7'» ; /a, 

Ilo:iLf Kravmu.", I.i^u>trun». ( ‘r:t!a* icu-' 

lnjur‘j -■ I.ar\a ^ f» Ua^t* 

Kttr» 

\nlr‘‘, IM Sp .1* Hviu-iiJpf r >p •. I I''?'* 

K«»ur Hp*'* itM of pii;***' In'^n :^tni Insj 
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